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PRECIS

RESEARCH PROGRESS REPORT

Title: "Annual Report: Automatic Indexing and Abstracting," Annual Progress
Report, Part I, Office of Naval Research, Contract Nonr 4440(00).

Background: This investigation Is concerned with the development oia utomatic
indexing, abstracting, and extracting systems. Basic investigations in E;ýlish
morphology, phonetics, and syntax are pursued as necessary means to this end.

Condensed Report Contents: The second annual report on automatic indexing and

extracting consists of 8 papers summarizing progress in three areas of investigation:

(1) Applicatior. of English word morphology to automatic indexing and extracting

(2) Use of combined syntactic and entropy selection criteria in automatic indexing

(3) Studies in phonetic English

The first four papers arc concerned with the relationship between the part of specch
of words and their graphic form. An operational definition of affixes is given, the use-
fulness of affixes in the automatic Jetermination of parts of speech is discussed, and an
algorithm is outlined for determining parts of speech with a clictionary look-up of less
than 200 affixes and less than 800 words. The inflectijon of adjective.; is also discussed,
anticipating the need for future refinement of the part-of-speech algorithm, which at
present identifies 11 part-of-speech categories. For some objectives tl.ese catesories
may be inadequate, necessitating br(ther break(down, for example adjectives mignt ie
further distinguished as relative, comiptrative, etc.

The fifth paper is :a progress report on Lhe development of a method Lor automatic
indexing without reference to any pre-prepared i'"ioary, thesaurus, etc. It shows
the current results on five text excerpts.

The final thrcs' pa!ers are concerned with the relationship between Edgiish photictics
and English morphology. One of the ipvrs conecrru:d with homuovi•m•. which r:'.pre -
sent a problem area in transformation from phtintic to graphic En&lixh. Another dlA-
cusacs a function for mapl ing writtvn English into t|x)kvn English. andl the third dvescrdwts
n computerized stludy of tranxcritxd English phonetics as given by tifferent di-titwiariC6.

For Further Information: The complete report is available in t.&e major Navy techni-al
libraries and can he obtained from the Defense Documentlatinn Center. A few copics
are available for distribution by the author.
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FOREWORD

The issue of this report marks the completion of the second year in which the

Offic, of Naval Research has contributed support to the program of research in the

information sciences at the Palo Alto Laboratories of the Lockhcd Missiles & Space

Company.

It is convenient to think of the work reported here as dealing with a data base.

During the first year of the program, a major part of the effort went into establish-

ment of the data base. Illustration of its nature and use are provided by the five

volumes of The English Word Speculum which was distriLuted to ONII program par-

ticipants during the last year. In this report, examples of exploration and application

of the data base to problems in linguistics and information analysis are given. Special

attenzion should be given to the report by R. P. Mitchell which shows how the research

methods developed for written English can be used in an approach to the problems of

synth' .is and recognition of spoken Englsh.

One part of the year's work is not reported Arce. This deals with development

of a technique for obtaining index ihrais, s in b.glish from untranslated 1russian tech-

nical texts. Tis work is described in a separate report.

The group at Lockheed takes this opportunity to express its thanks for the ontinuwd

gr.pport and encouragement given by the members of the Information Sciences Branch

of the Office of Naval Research.

Pi i). iv~tWhn
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ABSTRACTS

1. STRUCTURAL DEFINITION OF AFFIXES FROM MULTISYLLABLE WORDS

In July 1964, If. L. Resnikoff and J. L. Dolby presented a paper at the

Bloomington meeting of the AMTCL entitled "The Nature of Affixing in Written English."

In that paper, an algorithm for the structural definition of alfixes was developed and

applied to data consisting of all the words of the form CVCVC in the Shorter Oxford

English Dictionary. Fourteen strong prefixes and twelve strong suffixes, seven weak

prefixes and forty weak suffixes were defined, but it was noted that all the affixes

could not be expected to show up in two-vowel-string words. This paper summarizes

the results of applying a modified form of the operational definition to data consisting

of all the four-, five-, six-, and seven-vowel-string words in Webster's Third New

International Dictionary of the English Language. Thirteen additional weak suffixes,

nineteen weak prefixes, seventeen strong prefixes, one strong suffix, and twelve

possible suffix-compounding elements were found.

2. PART-OF-SPEECII IMPLICATIONS OF A:'FtIXES

This papr describes a system'itic investigation of the extent to which the part-ef-

speech of words can be identifiod from their prefixes and suffixet. The rs•uk inrodicaW

that it is possible to deterr lin. with 95 percent arcuravy. ho inclusive part of speech

of an affix.d word (rwm a consideration of its prefixes, suffixs, and length.

.. ) LOC~mEED MISSILES & SPACE COMPANY



By "inclusive" parts-of-speech we mean a string which will include all of the parts-of-

speech assigned by both dictionaries considered, but which may include one or two

extraneous parts-of-speech. The extra parts-of-speech will differ according to the

class of words, as adjectives may have an extra part-of-speech "noun" or "adverb,"

while nouns may have an extra part-of-speech "verb." The pert-of-speech implications

of 72 prefixes and of 87 suffixes are given.

3. ON TVE INFLECTION OF WRITTEN ENGLISH ADJECTIVES

The inflection of adjectives in English is investigated on the basis of the number

of admissible vowel strings contained in a given word. Two types of comparison are

distinguished: the terminational and the analytic. The investigation has determined a

direct relationship between the inflection of adjectives (a given set of adjectives of a

certain graphemically defined type) and an easily observed structural property, mud

the following claih is made:

1. The standard adjectives• in W (the set of one-vowu1-stri'ng wtodt• which to

tuot and with the setqncu ronsonant -lc is der.tetl by A' ) which :nrv aot

standatd advertb are inflected anzaiyucaf1y, i.e.. by wutin mo .ae ani mt'sL.

2. The ststard adjottives in W which av1 also standrd advc'ba arv &ifl•tww|I

tormnint ttonally, i.e., ily msing the ,*ufixeUs -or awdl -. st

Wn view of the discussion of the relation of the traditiona1i partU--of-speeeh cla*%cs

to structural prijmrtios of English. the assorted claim tAkfo on a swcial impmrtAnm-e.

it riasorts that Ul' set of adjectives ,f a cortain graphemically defirwl type (namely.

"those that bel0 can be pirtitioned into two classes. ome containing the

vi
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*% analytically inflected adjectivos, and the other containing the terminationally inflected

adjectives. This partition can be determined solely from the parts-of-speech classes

to which the adjectives belong.

S

4. AUTOMATIC DETERMINATION OF PARTS OF SPEECH OF ENGLISH WORDS

A procedure for automatically assigning port-of-spoech characteristics to English

words is discubsed in this paper. The development of the algorithm is traced, and

the algorithm itself is descriLbd in terms of three basic graphemic rules, which are

used in conjunction with a group of affixes (less than 200) and a list of exception words

(less than 800) whose part of speech must be stored in the computer for direct look-up.

The results of a test of the algorithm on a 500-word random sample from a 73,582

word dictionary are given. Ninety-five percent of the samples are assigned the correct

"inclusive" part-of-speech string, where the inclusive string is defined as including

all parts of speech given in the dicUonary, but which may include one, or rarely two,

extra parts of speech.

5. A SYNTACTIC-STATISTICAL METHOD V01t AUTOMATIC INDEXING

The objectivc and method of an algorit'm developed for automatic indroxng are

bricfly prented. The reduction lovel achieved by the algorithm ii indicated a the

mu+lts of t•sa on live text axcerpt are show.

vii
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6. STATISTICS OF OPERATIONALLY DEFINED iiOMONYMS
OF ELEMENTARY WORDS

This computerized stdy of the homonyms of elementary words (roughly w.l-valent

to monosyllabic words) has allowed tOw compilation of ,xhaustive lists of homonym

sots, using phonotic transcriptions from five different d'. tionarios. Of the 5, 706

elementary wor&, 3,000 were involved in at least one homonym set, indicating th4t

homonym& will present a significatat problem in mechnaized word recognition. The

effects on the homonym sets of chwsglng from the phonotic transceiption of one dic-

tionary W another were tabulated, as were the effects of removing dialectal pronwici-

atlons. Since the effects of dialectal variations turned out to be relatively small, it

was poss•ble to categorize and list for study the actual words whose dialectal pro-

nunciations caused homonym-type confusion with other words.

7. ACOUSTIC PHONETIC TIANSCRIPTION OF WUTTEN ENGLIS;H

The function that maps the words of written Esn ! apish onto the correspuonding wurds

of spoken English is duscribod. The %iniplust hy'lmthet.i i that the w•wition F .

dohinal on tho symbnols forming the letters of the aljpdM't~ , inalw l -h letterltvr on a

sowid and m~ps On oquancu o letters 1. 1.,. a , l.") vl'dl..j . This

hy)Ixohasio is false. since IF is hot aiays woll tklenv in Um sense that I-s vailtm am,

nWA alwaiys unique amd the .Oquat"M ti ds not always Paramts Mb thV bests of an exhatw -

tive dictwnary search. WV have pownm that It is ja ~ible to define r 161 a Co~m

91depsfndet manner such that its rvA~rictinn to caonsoant istrlno a ii iaaily defined.



withi this now definition, the exiuation holds for consonant strings of the grammatically

homogeneous one-vowel-string words of written English; the consonant strings in these

words coincide with those uninfluenced by the rules of ouphonic combination.
t

8. COMPUTEIR STUDY OF TRIANSCRIBED) EN(, ,ISII PllONETIL'S:
A P1IOG&Ia' REiKNRT

A summary of a compmter-oriented stti) of the relations between orthotraphic and

transcribed Iphonetic forms of elumentary English words is presented. The principles

used to generate transcribed phonetic data fro-m the orthography of clumenutry words

are descrilbd. The computer prograins which emlboy these principles were ased to

accurately obtain phonetic datia cont~ained in [ive aiuthoritative sources. yielding

phonetic tranbcriptions for several x ccogiized dialecsx ol English.

These data were analyzed and several important results were obtained. A brief

summary of these results is presented, among them (a) the significance of homonyms.

(b) predictable dependencies of vowel values upon consonant values, and (c) the isola-

tion of phonetic segments wiich are indepettdent of transcriptons in which they may

occur.

,.OCK,-,ED MSSLES a SPACE COMPASY



CONTENTS

Section Page

FOREWORD iii

ABSTRACTS v

I LLUSTRATIONS Xiii

TABLES xv

INTRODUCTION I-i

APPLICATION OF ENGLISH WORD MORPHOLOGY TO
AUTOMATIC INDEXING AND EXTRACTING

1. Structural Definition o[ Affixes From Multisyllable Words 1-1

2. Part-of-Speech Implications of Affixes 2-1

3. On the Inflection of Written English Adjectives 3- 1.

4. Automatic Determination of Parts of Speech of English Words -i-1

I1 AUTOMATIC INDEXING USING COMBINED SYNTACTIC AND
ENTROPY SELECTION CIUTER1IA

5. A Syntactic-Statistical Method for Automatic Indexing 5-1

III STUDIES IN PHONETIC ENGLISH

6. Statistics of Operationally Defined Ilomonyms of Elementary
Words 6- 1

7. Acoustic Phonetic Transcription of Written English 7-1

8. Computer Study of Transcribed English Phonetics: A
Progress Report 8-1

x&

LOCKHEED MISSILES & SPACE COMPANY



ILLUSTRATIONS j

Figure Page

2-1 Example of Affix Statistics Output by the Computer Program 2-6

4-1 Search-for-Affixes Flow Diagram 4-21

5-1 Index for Text I 5-3

5-2 Index for Text II 5-4

5-3 Index for Text III 5-5

5-4 Index for Text IV 5-6

5-5 Index for Text V 5-7

5-6 Text I 5-9

5-7 Text 11 5-15

5-8 Text III 5-24

5-9 Text IV 5-32

5-10 Text V 5-58

6-1 Graphic Presentation of Number of Homonym Sets in Five
Dictionaries 6-4

6-2 Sample Page of Homonym Printout 6-5

6-3 Sample Page of Homonym Comparison Table (;-8

7-1 Alphanumeric Coding for the Phonetics of the Shorter Oxford
Dictionary 7-3

7-2 Algorithm in Schematic Form 7-5

7-3 Operation of the Program for the Word NICE 7-7

7-4 Processing of the Word SMUDGE 7-8

7-5 Typical Computer Output for Phonetics of the Shorter Oxford
Dictionary 7-9

8-1 Section of Output of "Format" Program Showing American Dialects 8-8

8-2 Section of Output of "Display" Program 8-10

xiii

LOCKHEED MISSILES & SPACE COMPANY



TABLES

Table Page

1-1 Initial and Terminal Strings 1-2

1-2 Affixes From Two-Vowel-String Words 1-6

1-3 Suffixes From Multisyllable Words 1-7

1-4 Elements Combining With Suffixes 1-9

1-5 Prefixes From Multisyllable W'k rds 1-10

2-1 Affixes Selected for Correlation 2-3

2-2 Initial and Terminal Strings 2-4

2-3 Part-of-Speech Implications of Affixes 2-11

3-1 Standard One-Vowel-String Noun-Adjective-Verb-Adverbs From
Speculum II 3-11

3-2 Nonterminationally Inflected Words From Table 3-1 3-12

4-1 Exception Words Ending in s, ed, or ing 4-5

4-2 Exception Words Derived From List II 4-6

4-3 Common Exception Words to Rule C 4-11

4-4 Special-Function Words 4-15

6-1 Number of Homonym Sets in Five Dictionaries 6-3

6-2 Phonetic Representation Codes 6-6

6-3 Statistical Summary of Words Involved in Homonym Sets, Showing
Effect of Dialect Removal 6-1 1

6-4 Words Involved in Homonym Sets in KK Because of Dialectal
Pronunciations 6-t2

6-5 Words Involved in Homonym Sets in MW3 Because of Dialectal
Pronunciations 6-15

7-1 Graphic to Phonetic Mappings of Vowel Strings 7-13

xv

LOCKHEED MISSILES & SPACE COMPANY



INTRODUCTION

During the past year, experiments in automatic indexing have proceeded in four

areas, three of which are covered in this report:

(1) Application of English-word morphology to automatic indexing and extracting

(2) Automatic indexing using combined syntactic and entropy selection criteria

(3) Studies in phonetic English

Each section comprises papers describing specific efforts within that area. The first

phase of the fourth area of research, direct Russian-to-English indexing, has been

completed and is documented in a scpiratc volume of this report, Part II.

The first section of this report is a continu:tion of the Inst annual report. As that

report indicated, only 66 percent of the 500 words were assigned a correct part-of-

speech string by the part-of-speech algorithm, whereas 95 percent accuracy is desired

for the indexing experiment. Therefore a more complete study of the two crucial

factors in the algorithm was undertaken:

0 The determination of affix sequences amd of their part-of-speech implications

(Papers I and 2)

* Exceptions to the basic theoretical premise that words with one-syllable kernels

have parts of speech noun, adjective, and verb, while those with multisyllable

kernels have parts of speech noun and adjective (Paper 3)

These studies indicated that 95 percent accuracy is not obtainable from considera-

tions of vowel-string and word affixing. Accordingly, the goal of 95 percent accuracy

was dropped, at. least temporarily, in favor of a more obtainable goal of 95 percent

"•inclusive accuracy," wherein the strinyg assigned to a word includes all parts of speech

given by the dictionaries, but which mnay include one, or rarely two, extraneous parts

of speech. This decision was based on the judgment that in most utilizations of

I -I
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parts-of-specech information, it is easier to eliminate or compensate for extra parts

of speech than to infer the existence o1, or compensate for, missing parts of speech.

The goal of 95 percent inclusive accuracy has been reached on the 500-word random

sam)ple from the dictionary. The modilied i)art-of-specch algorithm can niow 1)e

recoded for the IBM 360 Model 30 now available to the research laboratory. and

coding of other programs necessary to the compilation ol a ,:,eltnce dlictio0nafry cU1

proceed. The sentence dictionary will he used to investigate the relhtimishipi between

syntax anld "indexible" sentences, as dhescriibed in the first annual repolrt. It is Aiis-

expcctc( teW play a more general role in the study of syntax, analogous to that played

by word dictionaries in the study of morphology. It will provide wt orderted list of

ol)scrvcd sentence constructions which will be usciufI b)th ill the derivation and testing4

of syntactic algorithmls.

The second section gives the results to (late of an evolving algorithm 1,,r combining

syntactic atd entropy criteria in the automatic selection of index items and phrascs.

Iii this experimcnt, a parsing program is used to select the syntactic units upx)ol which

the entropy criteria is then imposed. Because of it change in computers, it hI:a. Ibeei

possible to complete tests on only five text 1ralgmllCletS. FurlIthCL' refinements and tests

must await the recoding of the programs for the IBM 360 Model 30 no)w in use bky the

Research Laboratory.

"The third section (lesc'ribes progress in the investigation ol rulationIshlii)s b)etwceLen

the phonetic and graphemic forms of English words. Such studies arc expvcted to alake

it practicable to use human speech ias iniut to anl output from a coomtactcr ,wi ., 1a ,

for any desired automatic p)rocessing of language.

1-2
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APPLICATION OF ENGLISH WORD MORPHOLOGY
TO AUTOMATIC INDEXING AND EXTRACTING
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1. STRUCTURAL DEFINITION OF AFFIXES FROM MULTISY LIABLE WORDS

"I1, L. Earl

In this paper the goal is to define affixes from structural criteria alone. The

problem of when an affix sequunce is genuinely acting as an affix (as re may be con-

sidered a prefix in react but not in rad will not be considered, although the cate-

gorization into strong and weak affixes is intended to anticipate this problem. The

validity of the defined affixes will be indicated only by comparison with existent affix

lists. A more utilitarian evaluation of affix validity can be made after the syntactic

and phonetic implications of the defined affixes have been investigated.

The definitions for affixes given in this paper are essentially unchanged from the
1

definitions given by Dolby and Resnikoff. but are extended to include both onv- and

two-syllable affixes. The data set to which these definitions are applied is the four-,

five-, six-, and seven-vowel-string words, a set of about 11, 250 words. From this

set the one. vowel-string affixes which did not occur in the two-vowel-string data set

(used in liefercnce 1) will be defined, along with the two-vowel-string" affixes which

could not have occurr,-d in the two-vowel-string data.

The extended definition for strong irefixes can be summarized as follows (conso-

nant strings referred to in the (definition are given in "rable 1-1): Given a word of the

form C V 1C2V2C 3V3C if either C() or C i,ý an inadmissible consonant string,I I. -) 3, 3

there it. a mandatory syllable break within the string, and everything preceding that

S break is defined as a ,pretLx possibility. A prefix possibility is defined as a prefix

pirobabiiitv if in the data there are at least four words with the same prefix possibility

*This work was sUpported by the Office of Naval itesearch and by the lndeipendent
Itose~arch Program of Lockheed Missiles & Spice Compainy.

SML -C
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Table 1-1

INITIAL AND TERMIN AL STRINGS

ADMISSIBLE INITIAL CONSONANT STRINGS OF CVC WORDS

B N IL. (I, sit Tit scl

C p Bill GN 51K TW SC H

D Q CIt GRl Sl, Wit SP11

F R Ci. IiN SM WR SPlIl

G S CIt KR SN SP,

II T Dlt I'll SP st

J V DW P L SQ STR

K W FI, PR ST TI11

L Z FR lilt SW ruw

M Gil SC TIt

ADMISSIBLE FINA1, CONSONANT STRINGS
OF CVC WORDS NOT ENDING WITh E

B BB MP1 S1 GIl'|

C CI1 ND SK I0CII

D CK NG SM 1I1II

F CT NK SP LTII

G DD NN SS MPN1

St FF N'T ST M PT

K FT NX Tit NCII

L GG P11 rT N1i1

M GIl PT| " VI) NT7Z

N GN I(B WUK 10I

p IA) iiC \Vl, HISU
it 11F HI WN RiST

T i.K RF XT RTIi

W Il. IK ZZ SCit

X LM lIt. TCII
Z It i% *a

IA1 RN

MB lilP
M M 1R l

MN RT
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arising from the same consonant string. A prefix probability becomes a strong prefix

if the same prefix probability arises from two or more inadmissible consonant strings.

The definition for strong suffixes is analogous, proceeding from the other end of the

word. Thus, given a word of the form ... V3 C3 V2C2VIC, if either C2 or C3 is an

inadmissible string, there is a mandatory syllabic break withir the string, and evcry-

thing following that break is defined to be a suffix IKssibllity. Then the definition for

suffix probability and for strong suffix is the same as for prefixes; the word suffix

can be substituted for the word prefix wherever it occurs. The consonant string C1

may be blan~k in either case. The criterion of four or more words in establishing an

affix probability, and the criterion of two or more consonant strings in defining an

affix from a probability, wcre esLahlLshed in Reference 1. These criteria were estab-

lished heuristically, and have been retained here not only for the sake of consistency

but also because Lhey were proven effective.

The definition I. .- weak affixes has also been extended to include two-syllable

affixes. Weak affixes are so classified because their definition is based on a probable

syllabic break rather than a mandatory break. Because such probable breaks are not

interior to a consonant string, weak prefixes end with a vowel and weak suffixes begin

with a vowel. For orefixes, given a word of the form C V IC 2V 2C 3 .V , it either

C. or C is an admissible initial string hut not an admissible final string, everything

preceling that consonant string is a pret'fix p~ossibility. For suffixes, given a word of

the fornm ...,C V C VC1 if either C or C is an admissible final string but not.3 2 2 I 1' 2 3:

an admissible initial string, everything following that consonant string is a suffix possi-

oilitv. The criteria by whichl an affix possibility becomes an affix are the same as for

strong affLies. Note that these definitions exclude admissible final strings from C2

or C-3 for prefixes, and admissible initial strings from C2 V, or ,uffixes, to

1-3
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increase the reliability of the definition by reducing the probability of postulating a

break before (for prefixes) or after %for suffixes) C2 or C3 where a break does not

exist. Consider the prefix case first. If C2 or C3 is an admissible initial string,

and also an admissible ending string, the syllabic break could be logically either

before or after the string. The string CIi is such a string, as the following words

illustrate.

enrich/ment ta/chometer

poach/er re/christen

By climinating such doubtful strings we should increase somewhat the reliability

of the definition of our prefix possibilities, but we do not completely eliminate chance

for error, because even with initial strings that are not also final strings, a break

may occur internal to a multiletter string or after a single letter string. The strings

BR anr GR are such multiletter strings, as the following words illustrate.

sub/routine ag/riculture

re/broadcast de/gree

The chances of this happening in two multiletter strings with the same prefix x)ssi-

bility is judged small enough to be discounted, since here we are simply defining prefLx

sequences. The chances of error due to a break after a single letter seems greater,

as with the letter S.

re/sidual

l'es/idlntt

llcvevt.-r, since there are only three single consonants wthich are IW'ginning but not

ending strings (J. S. V), and since again it takes two consonant strings to cause a

sequence to be deflned an an affix, this prob)lem, too, can Ix, discounted

1-4
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s It is suspected that the situation for suffixes is more difficult in that the sct of

terminal consonant strings left after removing initial strings has more members which

show a tendency to break internally. For example, breaks in the following strings are

common.

c/t as in lac/tate m/b as in am/bition

r/t as in fer/tlle m/p as in am/lkcre

p/t as in ap/titude r/l as in pur/loin

r/b as in ar/kir n/d as in ban/dit

Therefore, more diffic lty , determining when a defined weak suffix is actually

acting as a iuffLx in a given word could reasonably be anticipated. It would be interesting

to subject each of the weak suffixes to a qualifying test. namely that in the two-syllable

data set there not be two sets of illegal strings preceding the suffix, where each had at

least four members. When this test was applied to the five sulfixes a, age, ah, ent,

oc___k, two of the Stiffixes, a wud ock, failedi the test. But, both a and! ock obviously some-

times act as suffixes (they are both listed in the dictionaries as such), so it is unwise

to eliminate them at this point in the research. What is indicated, perhaps, is the

structural classification of the weak suffixes by degree of weaness, as a means of

approaching the suffLx-i:i-cont.xt wrol)ln ui.

"Table 1-21 reviews the prefixes and suffLxes defined in lt, erence 1, using the t-

vowel-string w, rds as the data set. Table 1-3 shows the new i- tftx,#' ,t'dind using

iour'-, fve-, six-, and seven-vowul ,•, riig words, with the lit'•--eviing letter strings an(i

occurrence counts which vtathsed therm as sulfixe%. Surprisingly. there is only

one that can 1w conoidcrred a strong nuffix. and t1at actualy tWrncd up tit. the weak

su•i. 4tti4. Since. all of tOw. prereding kttr string* turned out to IV of the form Ct

(where C c. I. n. or r). and sincr phmwtir c break. %rere cvriastently bmli'e the +

1-5
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Table 1-2

AFFIXES FROM TWO-VOWEL STRING WORDS

Strong Prefixes Strong Suffixes

ac In ful ly

ad mis land lock

al out ler man

con sub less mcnt

dis sun let mess

en trans ling ward

ex Us

Weak Prcfixcs Weak Suffixes

a in con

be age inc uc

cy ah ing cr

de al ion u11

e an is et

i ant ish ure

re ar ite ic

ar'd ive us

at 0 ie

cd1 ock ier

ee on ile

('1 or

en t
Old. ()WV

I -6
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"Table 1-3

SUFFIXES FROM MULTISYLLABLE WORDS

No. of Occurrences of
Preceding Suffix Following Given

Suffix Letter Strings Letter String

(t)ation c(t) 5
l(t) 6
n(t) 36
r(t) 5

able 11 8
nt 4

ial nn 8
nt 37

ate H1 6
nn 5

ist 11 4
nt 12
pt 4

ism 11 4
nt 5

ian 11 4
nn 4

ium ng -5
rd 4

ia ps 12
rd 4
nt 5

y rg 4
ps 4
rm 4
rr 36
st 19
x 13

ous 11 6
rm 6
rp 11

ide x 9
Sif 7

is ps 6
x 28
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(as in plantation), it seemed reasonable to consider tation a strong suffix. Of the

thirteen newly defined suffixes, able, 1al, ate, ist, ism, X, ous, ian, ium, La, and ide,

are all commonly recognized as such, while only tation or ation and is are not.

It was expected that more than one two-vowel-string suffix would materialize.

Instead, a number of sequences were observed which appear to act as inner suffixes,

or suffix compounding elements, which occur frequently in combination with one-

syllable suffixes. Thus, the sequence tic is frequently encountered followed by al, izc,

or ide to form tical, ticism, ticize, ticide as in elliptical, asepticism, didactizism,

ascepticize, romanticize, and infanticide. Such interior sequences which meet the

occurrence criteria set up for suffixes are listed in Table 1-4. It is expected that

these sequences will have little syntactic meaning but may be helpful in word hyphena-

tion techniques.

Table 1-5 shows the prefixes defined using four-, five-, six-, and seven-vowel-

string words, with the lollowing letter strings and occurrence counts which established

them as prefixes. The three newly defined strong two-syllable prefixes circum, inter,

and hype are well known. Three other common prefixes, over, under, and sueCr,

were encountered with a good many letter strings, but always failed to meet the require-

ment of more than three occurrences with a given letter string.

Of the strong one-syllable prefixes defined, ab, at, a), corn, an, eam, im, and cc

are recognized by dictionaries, while vul is not. Of the weak two-syllable prcfLxcs,

auto, demo, i!so, photo, pi, and tele, are commonly recognized, but ann ,a o, dcIi,

and irre* are not. None of the one-syliable weak prefixes (au,_, ca, hy, m., mi, lu,

PI"o, sa, su, vi) are familiar as meaningful prefixes except for pro. Therefore, the

next step, in whiLh the part of spe -ch implications of the structurally defined affixes

*Jrre is no doubt a combination of the recognized prefixes i and re.

1-8
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Table 1-4

ELEMENTS COMBINING WITH SUFFIXES

Suffix Terminal
Compounding Letter'String No. of

Element Associated Occurrences

-cat,- rc 9
nc 12

-mat- rm 22
mm 18

-pos- mp 8
rp 6

-pat- Ip 6
rp 6

-sit- ns 8
rs 5
ss 5

-sat- ns 12
rs 5
ss 16

-tat- it 16
nt 46
rt 11

-tur- ct 6
et 19
nt, 8

-tic- ct 13
nt 7
pt 13

-tor- ct 33
nt 6

-ter- ct 8
vt 9
nt 8
pt 44

-tin- nt 6
r6

1-9

LOCKHEED MISSILES & SPACE COMPANY

- - - ~~~~.0w , - - Y ' - -.-



Table 1-5

PREFIXES FROM MULTISYLLABLE WORDS

Weak Prefixes
No. of Occurrences

Following Of Prefix Preceding
I Prefix Letter String Given Letter String

ana cl 4
gl 6

apo cr 4
str 4

auto cr 4
gr 4
tr 4

deni gr 4
tr 8

demo cr 12
gr 6

epi gr 12
se 7
c1 4

irre fr 5
lpr 7
tr 6

iso er 4
tr 4

photo gr 7
tr, 4

tcle gr 14

se 6
au so Ii

str 5
ca j ,4

pr 4
so e

hy (Ir" 85

ma er is
.1 9
tr15

I-r
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Table 1-5 (CoiLt.)

No of ()ccurrcnccs

Following of Prefix Preceding
Prefix Letter String CIven Letter String

mi cr 69

thr 4

pro gl 6
pr 4

er 8
pr 5

su bl 6
pr 11
sc 5

vi br 8
sc 5
tr, 4

St rong Prefixes

No. of Occurrences
Defining of Prefix With Given

Prefix Letter String Letter String

at til 15
ttr 11

ap i)1)1 15
Ippr 46

an ndr 1s
ngl 9

nth 20.

nt!•Lw :15
ean 111) 1 2

mli" 20

mph •21

___________ __ .... p•
corn ,iipl , -

U1 "1:1

vul I

I-LI
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Table 1-5 (Cont.)

No. of Occurrences
Defining of Prefix With Given

Prefix Letter String Lctter String

cc cc -1
cel 10
cst 4

ob )j 19
bs 21
bsc 9
bst 6
bstr 5
bt 6

ab IxI ,t
bn 7
l)s 19

circum Mc 5
m f 7
II r5

mscr 6
1l1st 10
mv 10

inter LVl 5
rj 6
rpr 9
rsp 6

hyper rer -4
rVIA 4
rtr 3

1-12

LOCKHEED MISS#LES & SPACE COMPANY



arc investigated, will be especially interesting for this group. It is, in fact, the next

step, in which the various applications and implications of the structurally defined

affixes are investigated, that the utility and therefore the validity of these structural

definitions will be tested.

ACKNOWLEDGMENT: The author wishes to thank Dan L. Smith for writing many of

the computer programs used in deriving the affixes.
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2. lPART-OF-SPIECII IMPICATIONS OF AFFIXES*

I,. L,. Earl

In a highly infloicted language, the structure of a word is indicative of its syntactic

role. A relationship between form and part-of-speech might also be expected in English,

a language not highly inflected but closely related to more inflected languages. Such a

relationship was noted by J. Dolby and H. Resnikoff 1 who show that a high percentage

of a set of words called "elementary words" (roughly equivalent to the set of one-syllable

words) can be used as nouns, adjectives, or verbs, while a high percentage of the

remaining multisyllable words can be used only as nouns or adjectives. If this relation-

ship can be regarded as a general rule, and if subrules can be developed to cover the

considerable number of exceptions to the general rule, it will be possible to identify

part-of-speech by algorithm. Intuitively, it would be expected that prefixes and suffixes

are key structural elements; this expectation is reinforced by the structure of the

European languages whose beginnings and endings indicate the grammatical properties

of words.

A logical step in an effort to classify words from their 6tructurc is to examine the

relationship between the affixes of words and their part-of-speech possibilities as

listed in a dictionary. The part-of-speech information from The Shorter Oxford

Dictionary and from the Merriam Webster New International Dictionaly was recorded

oa magnetic tape. A computer was used to correlate the affixes of words with their

j part-of-speech possibilities. A total of 73,582 words was recorded, but, of course.

not all of those words contain affixes.

'This work was supportod in part by the ()ltic of Naval Research. the computer time
was supported by the Independent Research Program of Lockheed Missiles Spaee
Company.
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The first problem encountered is that of selecting a list of affixes. Two sets of

affixes have been selected, the first being the operationally defined affixes derived from

dictionaries solely on graphemic evidence, 5 and the second being all "beginnings or

endings" listed in A Dictionary of Modern English Usage6 which were not already on the

first list. Both lists are given in Table 2-1. The inflectional suffixes ed and i and

the adverbial ly were not consider'd in this study because they have well recognized

implicationE. It is believed thtft the number of words ending in ed, ng, or iy whose

parts-of-speech differ front the expected is small enough qo that such words can be

listed as exceptions.

The second problem encou.d(,red is that of determining when aii affixing umit is

acting as an affix in a given word, as re is a prefix in react but no.L in read. This

problem is complicated by an uncertainty as to what the words prefix and suffix signify.

It is difficult to determine from the definitions currently in use to what unit an affix is

expected to attach (word, stem, or syllable), to what extent the function of an affix is

semantic, and to what extent the affix should indicate phonetic syllabic bouniktries

(as pre indicates syllabic boundaries in irefix but not in preface). Since we hope to

use affixes in determining part-of-speech from form alone, we will use a formal

definition. For purposes of this study, an affix will be recognized as wl ~fi iimnr

only two formal and reproducible conditions. First, the unit to which any affix attachcs

must contain one or more vowel strings. Second, the unit to which any prefix attaches

must begin with an admissible initial conw,,nant string, and the unit t.) which any '.4sffix

attaches must end with an admissible terminal consonant string. The admiasihid

initial and terminal strings, whose derivation is given in Iteferenct 1. are listcel II

Table 2-2. Refinements of these rules are poisibic, to !)rmiduce a closr correlixxid-

ence with any given definition. but these criteria seem adfquate for our t.rPse,.
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Tabie 2-I

AFFIXES SELECTED FOR CORRELATION

Affixes Set I

Prefixes •ffine

a dis ob ia lock
ab C out ah ic man
ac cc photo al ic ment
ad em pro an in noes
al en re ar is o
an epi sa at ail on
aip (X sac age ier or
at hy Suub ant dle ot
W4 na hyljxr sun a rd ine ow
;tX i tele ate ion ock
auto iln trans aile ish tation
IX! ill un cc ism uc
Ca i:con uncon cl ist tin
cir cum in'x V ell ite us
corn inter vul er ium ure
con irre Ct ire ward
cy lu ey ler y
de ma ent let
dem-n mi con land
deni mis ful less

Affixes Set U

Prefixes Suffixes

air for aC i f ty
aUro tore al it War

bi hcoab ity v -4.,"n t
by homo Cy L'ec way*
byU non CA iblo worthy
brain PIra r2,or iana

Ceonti emI Pat logy
doca suer eri latry
dw -i vic, tonic Philc

doni ymoter ix th
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Table 2-2

INITIAL AND TERMINAL STRINGS

ADMISO3IBLE INITIAL CONSONANT STRINGS OF CVC WORDS

B N B3L GL SIT Tl SCII
C p 1311 GN SK TW CiR
D Q CIT GR SIl WHT SiIII
F R CL KN SM WR Sill[
G S CR KR SN SPi,
I I T DII PIH Si S1P
J V DW P L SQ STR
K W F L PR ST TI1R
L Z FR RI1 SW TIIW
M Gil SC TIT

ADMISSI1BLE FINAL CONSONANT STRINGS
OF CVC WORDS NOT ENDING WITH E,

B BB l MP S11I (; ilT
C CII NI) SK lCI1
D CK NG SM LPIl
F CT NK S P 11r, I
G DD N N SS MNPhI
I I FF NT ST M PT
K F T NX 'Irl1 N C I1
L GG I'll nT NTI [
M GhI! PTF WI) Nr Z
N GN 1113 WK IRCII
P LD 11C W L RiSil
R L F RD) W N RST
T LK R1 XT RTII
W LL RK ZZ SChl
X LM M,[, TCII
Z LP RM

LT RN

MM RR
MN RT
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To correlate the affixes in Table 2-1 with parts of speech, a com1puter program was

written to examine all double standard* words with tmo or more vowel strings. It sorted

out all words that had an affix, that is, a beginning or ending that matched .' member

of the affix list and met the cstabliL;hcd criteria. Each of these words had a part-of-

speech** string given for it, that is, the list of parts-of-speech possible for that word.

Since the dictionaries do not always agree, the string is taken as the parts-of-speech

that are associated with standard meanings of the word in either dictionary. The

program associated the part-of-speech string of a given word with that wordts prefix

or suffix. Up to nine different strings could be associated with an affix. For each

affix, a count of the number of words with that affix was made for each encountered

part-of-speech string, with the counts divided according to the number of syllables in

the words. The following example will help to clarify.

The result for the prefix inter is shown in Fig. 2-1. A I indicates presence in

the dictionary of the part-of-speech identified by the abbreviation at the head of the

column. Thus, the first line of Fig. 2-1 indicates that the first part-of-spjeech string

encountered in the words prefixed with inter was noun and verb, and that there were

23 total words with this part-of-speech string, one of them a two-vowel-string word

and 22 of them three-vowel-string words. The next line shows that there were three

total words with the string noun, adjective, and verb, one of them a two-vowel-string

word and two of them three-vowel-string words. This continues until the tenth line,

which indicates that more than nine part-of-speech strings had been encountered. at

*To avoid the cor..plication of considering archaic or little-used words, only words
having a standard meaning in both dictionaries were used.

**Tlhe parts of speech recorded on tape are as follows: noun (N), adjective (AJ), verb

(V), adverb (Al), preposition (PR), conjunction (CJ), pronoun (PN), interjection (IJ),
past verb (PV). The category other (OT) was used whenever the dictirnary gave some
part of speech other than the nine listed; OT comprises mainly participles and
collective nouns.
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which point the program terminated the examination of this affix. Note that the column

headed TOT shows the distribution according to part-of-speech of all words prefixed

with inter and the columns headed Nvs show the distribution according to part-of-speoch

of words with N vowel strings. The distribution according to vowel strings was

obtained because it had been noted '.,,at there was a general tendency for the percentage

of noun-adjective words to increase with the number of syllables.

Study of the part-of-speech distributions of the words with affixes in Set I shows

that the words with a given affix have an average of eight or more part-of-speech

combinations associated with them, and, in genera;, there is wide distribution of the

words among the different part-of-speech strings. In fact, the results indicate that

it will be impossible to assign 1 100 percent unique part-of-speech string to a word

on the basis of its affixes. What should be possible is to establish an algorithm which

will be 95 percent correct in assigning an "inclusive" part-of-speech string, by which

we mean a string which will include all of the dictionary-assigned parts-of-speech,

but which may include some extraneous parts-of-speech.

Since, as already noted, the majority of multisyllablc words can be used only as

nouns or adjectives, this will be the point of departure in deriving a part-of-speech

algorithm. All words which do not behave as nouns, or adjectives, or nouns and

adjectives only arc to be considered exceptional, to be listed or to be identified as ex-

ceptional by examination of their affixes. The algorithm will be constructed to identitv

the exceptions, leaving the rest to be given the basic assignment of noun-adjective for

multisyllable words or noun-adjective-verb for one-syllable words.

Because they are manageably few, all adverbs not ending in !y, and all prqx)sitPiins,

conjunctions, interjections, and irregular past tense verbs can be removed and put in a

special exception list. This leaves combinations of noun, adjective, verb, and "other"
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to deal with, where "other" comprises participial forms and collective nouns. Regular

forms of participles ran be recognized by the inflectional endings ing or ed and irregular

forms of participles and collective nouns are few enougii so that they can be added to the

exc Jon list. (So also can all words which end in ing or ed but are not participial forms.)

Seven possible part-of-speech combinations remain:

(1) noun N

(2) adjective AJ

(3) noun and adjective N-AJ

(4) verb VB

(5) noun and verb N-VB

Ir,) adjective and verb AJ-VB

(7) noun, adjective, and vcrb N-AJ-VB

Since most nouns can be used as adjectives, and since the AJMVB combination is urn-

common except for participles, which are already taken care of, the seven comluina-

tions can be reduced to four by merging 3 with 1, and 5 and 6 and 7, to give:

(1) noun and adjective NA

(2) adjective J

(3) verb VB

(4) verb and (noun and/or
adjective) NAVB

To put it another way, there are two large classes of multisyllable words, NA and NA.VII,

which must be distinguished. In addition, the class AJ must be distinguished Irom the

NA and the class VB from the NAVB. Whenever these distinctions cannot he mialk with

95 percent accuracy, assignments will be made to the inclusive set.

The ;onstruction of the algorithm thus bkcomcs quite simple, a matter ol studtvil1

the distribution of the part-of-speech strings for e'och alfix, 4ignorini. any piart-41l-sicchi

other than noun, adjective, or verb. In accordance with the 9:5 perccnt critcrna, an

affix lor which 95 percent of the wordg with that affix have a single pxirt of spe-ech, 4thur
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AJ or VD, will be classified as "adjectival" or "verbal," respectively, and the algorithm

will simply assign words containing such an affix to the AJ or the VB class instead of

to the basic NA class. Affixes for which 95 percent of the words are nouns and/or

adjectives, but not verbs, may be considered as "neutral," since words containing them

behave as nouns and/or adjectives in accordance with the general rule. An affix, how-

ever, for which 5 percent of the words (and more than 5 words) have a verb usage will

be classified "noun-verbal," and words containing such an affix will be assigned to the

NAVB class. As already indicated, all words which do not contain m affix and which

are not in an exception list are classified as NA if multisyllabic and NAVIB if on" nyll-O)ic.

It must be realized that a good many ambiguities will l)e introd;;c:d 6y U•is •t-orithm.

For exaniplk, A.,,- words prefixed with inter, 71 of the 211 words in our data set Save a

verbal usage, with further breakdown as follows:

noun and verb 23

noun adjective and verb 3 NAVB 27
or

adjective and verb 1

verb 44 V13 44

Accordingly, words beginning with inter will be assig-ned to the NAVU class, oltaining

the correct inclusive part-of-speech for 71 words at the cost of introoucing ithe extraneous

part-oi-speech VB to the 140 well-lw-haved NA words. The situation is worse in the

ambiguity between the AJ and the NA classes. For example. ;dthough aiout S pvercent (if

words ending in the suffix ful are adjectives. 3-1 out of the total 169 have a noult usuge,

so rather than take a 20 percent error of omission, ful is regartled as a neutral suffix

and an extra palt-of-sleech hais been antruduced in 130 percent of the words. By stretch-

ing a point, the suffix lr$ss can be coniadered adjectival, since it is 94 percent adjectival,
but many other adjective-tending affixes encounter"d c.&nnot (c. 54 percent; a)le, 7) per-

cent, ish• 70 percent; ial, 6il percent; uS, %7 perount; mis. 61 percent).
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A part-of-speech implication of either NAVI1, V\1, AJ, or neutral (i.e., NA) has

been determined for all of the affixes. These implications are listed in Table 2-3.

When there were fewer than five words with a given affix, no assignment was made.

The Implications of the operational affixes and of the Dictionary of Modern English

Usage affixes break down statistically as follows;

Operational English Usage

Neutral 33 220

NAVB 77 17

AJ I I

VB 0 1

In Table 2-3. some of the affixes have star superscripts. These are affixes with :a

NAVB implication which in words of fou" or more syllables may be regarded as neutral,

since in the dictionary there were fewer than three 4- to 8-vowel-string words with

these affixes which possessed verbal usages. NAVB affixes which are neutral for 5- to

8-vowel-string words were not considered because there arc c,,ly about 1, 250 of these,

while there are about 11,250 4- to 8-vowel-string words.

There are some words, of course, which have bo)th prefix(es) and suffix(es). As

the part-of-speech tabulations for suffixes were independ(ent of prefixes, wid vice versa,

there was a possibility of a particularly influential and common affix introducing an

extra part-of-speech into the part-oi-speech ctiunt-. t*i other affixes. For example,

suppose that all the words with the prefix "traw:9" \ :cAlways nounis .XCV, t those

which ended in verbal s.tfixes such .1 %r Or atc s "S .ran, 11er d :tn, :'trans.late.'" Then

"tranis" would be usignvsl the implicatimi NAVII when it shmuid have iXei niutral . "|'o

test this posstbildv, thie Set I prefix counts were rejrI)4ed with all words havmtig nomnetutral

suffixes omittsei fgrm the data set. liowevier, the part- of- spech implicatitn t0i 4il *)rv-

fixes remained the same. Siace none of the part--of-•s•eech implicataon (of 'we prwefixrs
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changed, it was decided that it was unnecessary to test suffixes on a set from which

prefixed words had been i-emovcd.

Prefixes were chosen for the test because the suffixes seem to have a stronger

influence than prefixes in multi-affixed words, as for example the neutral ism wins

over the NAVB ex in "exorcism," and the verbal ize wins over the neutral vul in

"vulcanize." Suffi;;es would thus cause much more of a pro ,iA the prefix counts

than prefixes in the suffix counts. The one easily noted exception to the rule of suffix

ascendancy is for such words as "automation" and "vulcanization ." in which the

neutral auto and vul seem to be ascendent over the NAVB ion. However, a considera-

tion of other words in which both prefix and suffix are NAVB, as in "demolition,"

construction, accession, etc., indicate that there is a group of important suffixes

beginning with t, or s which failed to bhiuw up in the operational definition of affixes.

To test this hypothesiE, these possible suffixes were subjected to the part-of-speech

tests for affixes with the following results:

Suffix POS Implication

tion Neutral

sion* NAVB

tial Neutral

sial AJ

tive Neutral

sive Neutral

tious AJ

Examination of the suffix tious led to examination of the weak suffix xpssibility

ous, which. like tious, turned out, to have strungly ad)uctival implications. Undoubtudly.

these suffixes do exist and have strong part-of-speech connotations. For the sake of

completeneso, they have been added to T~ale v2-3 as &At 1II.
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Whether or not the use of the part-of-speech implications reported in this paper

will be adequate to produce 95 percent accurate part-of-speech by algorithmic assign-

ment remains to be seen. They are, of course, guaranteed to produce 95 percent

inclusive accuracy on words with listed affixes. It is not yet known how many non-

affixed words there are, nor how well they fit the general rules. Before compre-

hensive testing can take place, it may be necessary to develop more definitive rules

for determining when an affix is acting as an affix in a ;'ven word.

ACKNOWL'T)GMENT: The author wishes to thank Dan L. Smith who %%Tot(? the

computer program referred to in this paper.
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* 3. ON TIHE INFLECTION OF WRITTEN ENGLISH ADJECTIVES

r 11. L. Rcsnikoff and .. L. Dolby

The part-of-speech algorithm under development is predicated on Lte assu8mption

that it is pxssible to determine the parts of ,yevch of English words without the use of

extcnsive dictionarries. But it is by ic, eans evident that the eight traditional parts-

of-speech classes* are meaningful 'ef',ctLons of the structural properties of the

English language, and it must 1)c uIis)posed that they hay 'clevance to Engli•h only

insofar as English bears a genctic relationsh!p to Lat Ilowevur, the two lank,'agC.i

are vastl / different in important resJ~ixts, and there is, therefore, no real reason to

believe that the Latin norms are meaningful in thu dcavription of English.

The traditional definitions of the English pIarts of speech (k1 not help to allay the

suspicion that the pairts-ol-speech ciasscs are the prjxiuct of the de.•i'e oi the early

English grammarians to fit English to the l.atiti mold. (Gleason has writti, Ile

Englishi grammar is traditionally decSLribed in Leti-rls of cigttt
j~art Of Spe•ch These eight classes arC of quite diverse
characte7r and v.;didity. The [am iliar deiinitiolii overlap and
confLfct, or are so vague as to Ib I1Ca11*iV iynappicable. Some
parts of speech gather together :a nuimber ol not ver) obviously
related types of wot-ds. in otiher cases, the line of demarcation
between parts of speech ih: atte: ar1bitr'ry.

"hiese views contrast sharply with thc '.Iic ;wermlise of the Indexing Prtojc-t. The

P~roject is attompting to index texts by wsing :a scaentc• ,ictionary, th.t is, a collectioun

of the distinct parL5s-o[-sjw-ech sequences occurr ng in Eagilt scmtetcnes, txased on thie

traditional parts -of-sixxich chissificatuns with utly miawr mlotlwtiaiiun-, l, indute,

these classes aru mewtingivs. or 4f the asstagimtact of English words to these classve

*Noun, pvronoun. auj1ctive. vurto, zih'v'b. pIjvU,,iMtion. Cus%)!tWntt1 anmid kiterjuvt't,.1.
"" Pae I 2,
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is capricious, then it is not possible for the sentence dictionary to have much utility in

the solution of the indexing problem.

For this reason it is irmportant to show that the traditional parts-of-speech classes

do correspond closely to structural properties of English words. In fact, if a close

correspondence can be discovered, then it can be used to provide a structural definition

of the parts-of-speech classes, and this will have the virtue of essential agreement

with existing sources of data, e. g., dictionaries,

There arc several distinct ways of illustrating structural properties of parts-of-

speech classes. One way is to construct an algorithm that will generate the parts-of-

speech class of a given word from the graphemic shape of the word (together with

certaini other structural information which is independent of the particular word under

examination, and without the use of comprehensive dictionaries). It is not yet known

to what extent this is possible, although certain progress has bcen made. Fo' instance,

the multivowel-string words cnding with a arc very uniformly nouns. The authors2

showed that the set of one-v,)wel-string words depicted by the "structure words" and

the .-le suffixed words form a part-of-speech category: that is, almost all such words

belong to the category noun-adjective-vero. Results reported in the first annual

report3 show that it is possible to construct a resonably straightforward algorithm

which will correctly determine the parts-of-speech class (,f a random sample drawn

from a dictionary with an accuracy of bctwcen 70 and 80 percent on tie standard words.

This is not very good in terms of an algorithm mt can be used reliably as a component

in a functioning, utilitarian, English text processing system. However, it is strong

evidence that the traditional parts-of-speech classifications must indeed boar a close

relationship to the structural properties of English.

*Section 7 and footnote 22.
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SIt might be true that the algorithm reflects the structured assignment of parts of

speech but that parts of speech have nothing, or at best little, to do with the structure

of English. In other words, it might happen (although the authors believe this to be

farfetched) that the traditional classification is orderly but that the order is one

imposed by the early grammarians in some complicated way not really related to the

direct properties of the language. If this possibility is admitted, it becomes of interest

to find some relationship between the parts-of-speech assignments and some clearly

significant structural property of English. In this papor we will describe such a

relation.

The traditional grammarian, George Curme, distinguishes two types of comparison,
4*

i. e. , inflection, of adjectives in English.

There are two quite different types of inflection employed
in comparing English adjectives - the terminational and
the analytic

1. Termination type of comparison. In this type we add
to the positive -Cr to ;orm the comparative and -est to
form the superlative: striig, stronger, strongest. This
way of comparing adjecLives was universal in Old English,
but it is now confined to w="ds of one syllabic and a large
number of words of two syllables, especially those in
-er, -le, .-y -ow, -some....

2. Analytic Lype of comparison. Here we put more
before the comparative and most before the superlative:
beautiful, more beautiftl, most beautiful. Adjectives and
participles with more than two syllables regularly follow
this type, also many words with two syllables .... .

Gleason defines adjectives as those words which are inflected using the term inational

type of comparison described by Curme; words occurring in the enviroaments in which

adjectives are found (but which compare) use the analytic type of comparison lie calls

adjectives. Both types will be referred to as adjectives in this paper.

*Set Reference 4 for an extensive discussion of English verb inflection.
**Page 220, 104.B.

***Pages 92-93. There are also a small number of irregularly inflected adjectives.
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In Currae's description quoted above, the number of syllables contained in the

adjective under examination is important in determining to which type of inflectional

paradigm it belongs. In the study of written English the notion of syllabic, which is

phonological, is not present. It must be ruplaced by the nunber of admissible vowel

strings contained in the word, according to the method developed in Reference 2. For

the present it will be enough if we approximate to that definition by counting the final

e in a word as a consonant, and then counting the number of remaining vowel strings

(i. e., the number of connected sequences of vowels) in the word. Then Curme's

description states that terminational comparison of adjectives is reserved primarily

for one-vowel-string words and certain two-vowel-string words containing selected

suffixes, whereas analytic comparison occurs for the remaining adjectives.

Of particular interest are the one-vowel-string adjectives. Contrary to Curmc's

description, there are large numbers of one-vowel-string adjectives which inflect

analytically. It has already been remarked that most one-vowel-string words are

noun-adjective-verbs, and, hence, in particular they are adjectives. Almost any onc

of these words provides an illustration of analytic comparison for one-vowel-string

words. Thus:

charm , bloat , sjijnt , rin , bound , flash , etc.

That these words are compared analytically is not due to any hypothetical inability

to carry the comparative terminational suffixes. Each of the words given in illustra-

tion has a corresponding noun form with the suffix -er appended, but in no case is this

form the comparative of the word. Thus it would appear that Curmc's description does

not agree with the facts in any significant way, although his description is traditional.

The traditional description of comparison for one-vowel-string words is in general

disagreement with the facts. Nevertheless, it does contain a hidden kernel of truth
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which leads to a rather startling structural relationship between certain classes of

words. It must be exactly this relationship to which the inadequately phrased tradi-

tional description is attempting to draw attention.

Suppose that the set of one-vowel-string words which do not end with the sequence

consonant -le is denoted by W .* If a word has a standard usage as a traditional part

of speech, in Merriam-Webster's New International Dictionary, third edition, here-

inafter abbreviated "MW3," then it will be called a standard noun, standard adjective,

standard verb, etc.

CLAIM: (1) The standard adjectives in W which are not standard adverbs

are inflected analytically, i. e., by using more and most.

(2) The standard adjectives in W which are also standard adverbs

a,,e inflected term inationally, i.e., by using the suffixes -Cr

and -est.

In the following paragraphs we will substantiate this Claim. First, some remarks

are in order as to the meaning of the Claim, if indeed it is true. In view of the discus-

sion of the relation of the traditional parts-of--speech classes to structural properties

of English, the assertion takes on a special importance. The assertion is that the set

of adjectives of a certain graphemically defined type (namely, those that belong to W )

can be partitioned into two classes - one containing the analytically inflected adjectives

and the other containiigv the term inationally inflected adjectives - and that this partition

can be determined solely from the knowledge of the paris-of-speech classes to which

the adjectives belong. TIhus, a direct relationship between the traditional parts-of-

speech classes and an easily observed structural property is asserted. This lends

weight to the traditional classification in. a very impressive way.

*A more accurate restriction is this: W denotes the set of elementary words, as
defined in Reference 2. In particular, almost all of the elementary words are one-
syllable words in our dialects, and conversely.
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The Claim must be generously interpreted. It would be false to assert that it has

no exceptions; what is really meant is that the proportion of exceptions, and even the

particular properties of the exceptions, show them to constitute a maverick and rare

sot of words, which either belong to the nucleu of words with so many meanings or

such frequent usage that it is almost impossible to modify or destroy them, or that

they belong to the fringes of the current language and can be expected to fade out with

time.

Current English is in a state of rapid change. Many people object to many of the

changes which, they contend, debase the language. In particular, there has been

increasing use if not acceptance of such phrases as drive slow, run quick, fresh cut,

etc. The words slow, quick, fresh.L etc., as adjectives, have the terminational

comparison:

slower , slowest , quicker , quickest , fresher , freshest , etc.

According to the Claim, the words should also be adverbs. If the Claim represents a

productive property of English, then such words as slow, q!ick, fresh_, etc., must

either lose the terminational inflection as adjectives, or take on the part-of-speech

adverb in addition to their other parts of speech. Evidently the latter is just what

occurs. But, in reality, these words are not assuming adverbial usage as a current

novelty; each of them has adverb meanings in older unabridged dictionaries such as the

Merriam-Webster 2nd edition.

3-6

LOCKHEED MISSILES & SPACE COMPANY

W NW.L



We will now turn to the data. To check the hypothesis that the inflection of one-

vowel-string adjectives is a function of the adverb part-of-speech class, a random

sample was drawn from English Word Speculum, Vol. I.*

In a sample of 11, 200 words, randomly distributed, there were 110 one-vowel-

string words which had at least the parts-of-speech noun-adjective-verb and wore

standard with respect to each of these classes. Since 111 is about 0.98 percent of

11, 200, and since the Speculum I contains about 75, 000 words, one can expect to find

about 750 words with these properties in a medium-size dictionary.

Of the 111 words, 95 had no adverbial usage, 13 were standard adverbs, and 3

were nonstandard adverbs. Thus, about 12 percent of the 111 words were standard

noun-adjective-verb-adverbs, and one would expect to find a total of about 90 such in

a medium-size dictionary.

Of the 95 words which did not have any adverbial usage, only 2 inflected the

adjectival form using terminational inflection, i. e., about 2 percent. This supports

the first part of the Claim, that standard adjectives which are not standard adverbs

are inflected analytically.

Of the 3 words that, had nonstandard adverbial usage, 2 had obsolete adverbial

usage, and 1 had dialectical adverbial usage. The obsolete word.; follow the analytic

inflection, while the dialectical word follows the terminational inflection. This is not

surprising, first because the obsolete forms may be already discarded from the current

language, and second because dialectal forms may be quite contemporary and popular,

*Reference 6 is the English Word Speculum, whose several volumes are referred to
as Speculum I, Speculum II, etc. Speculum I contains more than 73, 000 distinct
words [the word list of the Shorter Oxford Dictionary (SOX)] together with part-of-
speech and status classes from both the SOX and the MW3, ordered in a statistically
random fashion. Speculum II contains an extracted word list from Speculum I together
with parts-of-speech and status information, organized so that all words with a fixed
number of vowel strings are brought together, and within each of these classes, Lhe

Swords are forward alphabetized.
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and thus reflect the productive forms of the language. In this instance, the dialectal

adverb was black, with inflection blacker, blackest.

Of the 13 standard adverbs in the collection, 5 inflect anaJytically. This is about

38 percent of the total, and does not verify the second part of the Claim in any signifi-

cant way. But a sample of 13 words is too small to have any statistical significance.

Furthermore, in attempting to analyze the adverb-adjectives that inflect analytically

we encounter a lexicographical problem which may prove to be decisive for the limited

collection of words which must be examined. Dictionaries typically indicate the termi-

national inflections of adjectives explicitly; when a terminational inflection is indicated

for an adjective, we may be quite certain that it does in fact exist in text samples.

However, if a terminational inflection is not explicitly indicated, this may be due to

one of several causes: t',e adjective is inflected analytically; the lexicographer did not

work enough on the particular word; or there were a number of terminational inflections

for the adjective that appeared in the corpus, but this number was small and therefore

discounted. In the last case, one must worry about the smallness relative to the usage

of the word, which presents further complications. Therefore, in general, one can be

confident of the information explicitly given in dictionaries, but must be wary of infor-

mation which can only be inferred from the absence of explicit statements. For

example, we cannot be certain that the standard adjective-adverb dang does not have

the inflection danger, dangest, although these forms are not attested in MW3. But the

comparative form is quite unlikely, both because it coincides with a more common

word with very different meaniing, and .ulso I ecause it is difficult to assign a compara-

tive to a word such as gang for semantit reaisons, although the superlative presents

neither of these problems.

This last example illustrates yet another difficulty associated with the determina-

tion of the analytically inflecting adjectives. There are certain adjectives which do
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not occur in the comparative or superlative. For these adjectives, the absence of

explicit information about terminational inflections does not necessarily imply the

existence of analytic inflections; it may well be that these adjectives cannot support

inflected forms for semantic or other reasons, or it may simply be that their fre-

quency of usage is so low that the inflected forms have not yet been observed. The

latter is probably true of dang, while the former seems to be a reasonable explanation

for the lack of terminational inflection for the adjective-adverb last; for the analytic

forms more last and mout last do not appear likely.

The 13 standard adverbs are listed in two columns. The left-hand column con-

tains those words with term inational inflection of the adjective; the right-hand column

contains those for which the inflections are not term iational.*

stiff pat
near dang
keen south
light last
dear snap
cool
fine
dry

In the right-hand column, the words dang and last have already been discussed;

the geographical directions north, south, east, and west) all are exceptions to the

Claim (as are the ordinal numbers). It may be that terminational forms of pat remain

to be uncovered. If all these factors are taken into account, the second part of the

Claim may not be in great difficulty after all. But the sample is much too small to be

of guidance.

To study the second part of the Claim, we must have a larger collection of

adjective-adverbs belonging to the set W . To this end the standard one-vowel-string

*Once again we warn the reader that this does not imply that there are analytic
inflections for these words; there may be no observed inflections whatsoever.
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noun-adjective-verb-adverb words not ending with consonant -le have been collected

from Speculum II. These words, 97 in number, are listed in Table 3-1. Also listed

in Table 3-1 are the 5 words of this category that did end in consonant -le to give some

indication of just what we are omitting from our collection.

C(i the 97 words in the collection, only 60 use the terminational inflection of

adjectives; 37 have no such indication in the Merrian-Webster 2nd edition (these two

classes arc given explicitly in Table 3-1). This represents only about 60 percent

agreement with the second part of the Claim, reflecting almost exactly the proportion

Indicated by the small listed sample of 13 standard adverbs. But now that this sub-

stantially larger and complete collection is available, it will be possible to analyze it

in a more detailed fashion.

We have partitioned the set of 37 nonte'rninational words into two parts: the set

of words which are standard adjective-adverbs in both the SOX and the MW3, and the

set of words that one of these sources indicates a nonstandlard adjective or adverb

usage. Table 3-2 shows this classification. The notation following the words in the

second column indicates the nonstandard usage according to the following conventions.

the letters s , c , r , d , and o occurring inside of parentheses refer to standard,

colloquial, rare, dialectical, and obsolete usage, respectively. The four positions

within the parentheses refer, reading from left to right, to noun, adjective, verb, and

adverb usage, respectively. A period (.) in one of the positions indicates that the

corresponding usage is not given in t!he source under consideration. Each pa renthhucs

is followed by either the letter x , (' noting SOX, or the letter w , denoting MW3M.

Of the 13 words in the top part of Table 3-2 the word bias contains an It admissible

vowel string, and reaily should not appear in the corpus; however, it is the only such

word, and it may be simpler for the reader if it is included along with the other words
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Table 3-1

STANDARD ONE-VOWEL-STRING NOUN-ADJECTIVE -VE RB-ADVERBS
FROM SPECULUM II(a)

Consonant -le Woris

double single tickle treble triple

Nonconsonant -le Words With
Terminational Adjectival Inflection

blind flat mean shrill b pruce
chance flush piat slack square
clean foul prime sleek steep
clear fresh prompt slick stern
close full pure slight stiff
cold glib queer slow straight
cool grave quiet small sweet
dry just right smart thin
faint keen rough smooth tough
fair lax sharp snug trim
fine loose sheer sour trMo
firm low short spare warm

Nonconsonant -lc Words Without
Terminational Adjectival hiflection(b)

back dutch north side squab
bias east part slant stick
bone flounce pi smash stump
chock front plumb snap tird
dab home rear snell west
damn jam rush sole
darn last scale splash
dog mock ,,hoal splay

(a) The various parts of speech of these words are
standard in at least the SOX or MW3 and have no
other parts of speech.

(b) Note that this does not imply the existence of
analytic adjectival inflection.

U
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Table 3-2

NONTERMINATIONALLY INFLECTLD WORDS FROM TABLE I-

Standard AdjctLive-Adverbs
in Both SOX and MW3

back north squab
bias part thir'i
cast plumb west
home shoal
last slant

Nonstandard Adjective-Adverb Usage
in Either SOX or MW3

bone (sas. )x rear (s8so)x
chock (s. ss)w rush (s. s.)x
dab (a.• 1) scale (s.s.)x
damn (s. .. )x side (sdro)x
darn (a. s. )x smash (s. s.')x
dug (8ss. )X snap (S. s. )x
dutch (sss.)x and (ccss)w Snell (sSsd)w
flounce (a. .)x SolW (ss.)x
front (ass. )x splash (s. -s)x and (sss. )w
jam (sss. )x and (s. ss)w splay (s8s.)w
mock (rss. )x atiek (0. a, )x
pi lsd. . x Stu a,) (shs. Iw

at this stage of the argument. It may be wor' i renmarking that it is the only two-

syllable word in tihe collection (in our di•ldets).

The bottom part of Table 3-2 shows that thu t-c is consid.,ruale disagreement

between the SOX and the MW3 with resixect to the classification of adverbs, and to a

lesser extent, of adjectives. It is evident that the SOX is much more consurvativo,

i. a.. has a higher frequency threshold for thu admission of adverbial usage than does

MW3. but 1: is also evident that the SOX principles are in close accord with the

second part of our Claim.

Ii we agree that dictionaries are most reliable when severa•i of them agnr. then

we will be urged to discard the words in the right-hand column of Table 3- wheN
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examining the agreement with the Claim. If this is done,* then there remain 73 words

in the collection (including bias), of which only 1.1 do not have terminational inflection.

That is, the second part of the Claim is true for 82 percent of the words.

An examination of these 13 words which do not agree with the second part of the

Claim is fruitful. These are the words in the top part of Table 3-2. The three geo-

graphic directions east, north, and west appear,00 and the ordinal third also appears.

It is evidently impossible for ordinals to have comparative or superlative Inflections

for semantic reasons. the most third is no better than the thirdest. Similar remarks

apply, but based on more personal evaluations, for the words home and lastt, and

perhaps for some of the others as well.

Thus it may be that, after semantic considerations have been accounted for, the

agreement with the second part of the Claim. will iX in the 90 percent range. Due to

the difficulties inherent in obtaining adequate and complete information to test the

Claim, such a level of agreement would be impressive. For the present, however,

we will have to satisfy ourselves with the weaker 82 percent agretemnt.

The relationship between terminationally i~$1ected adjectives and adverbs can b,

used in the determination of the pai-ts of sixpcvh of vcertain two-vowel-string words.

Hoth the comparative and the superlative of such adjectives are two-vowel-i:tring wort-i•

(because the words discus".-& above were all, with the exception of the excludable

wort bias. one-vowel-string words). But the comparative suffix, -er. coincides with

a su(f[t with a qutte diffeont structurld M'le. and therefore •a., be confusel with

"OWa really should eliminate those word.' in Tbnhi 3-1 which do haWe tWrminationt
adjotival inflection but are not standard ad)ectives and adve•rti in both SMX anti UiW3:
but we have not actually done this it seems that the rmsults would not be much dif-
ferent, although the expenditure of effort wvdd be euxtidurable.

"*The rader will recall that Spaculum II contains wuy traoe words whtoe part• of
speech are iwcuded amg nown. adjective. verb, wW adverb. In* word tuth Mas
othar parts of speoch, and thewrvior does not awpur in Table 3-1 or Table 3-2; the
same is trim of §M. which appeardl In the random sar-pie duwussw.d
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the latter. It is clear that the comparatives of adjectives are themselves adjectives,

and dictionaries often take this fact for gzanted and do not explicitly indicate that a

given word is the comparative form of an adjective. F or example, the words cooler

and fuller are both listed as nouns but not as adjectives in both SOX and MW3. Clearly,

the dictionary user is supposed to recognize that these are, in addition to noun (and

perhaps still other) usage words, comparatives of adjectives. This being the case, it

is necessary for a parts-of-'speech predicting algorithm to distinguish those -er forms

which are not comparatives from those that-are.

1his can be achieved in the following way. Only those one-vowel-string words

that are adverbs as well as adjectives compare using terminational inflection; we will

assume, in agreement with the second part of the Claim, that all such words do com -

pare in this way. Then a two-vowel-string word ending with -cr can be expected to be

the comparative of an adjective, say A . if the word is of the form Aer and if A is

both an adjective and an adverb. As we have seen, the collection of all one-vowei-

string adjective-adverbs is not large;* hence, these can be stored in a dictionary in a

parts-of--speech-predicting algorithm.

In illustration, consider the forms cooler and fuller" discussed above. They are

of the form Aer with A standing for cool and full respectively, both of which arc

adjective-adverbs in the one-vowel-string word class. Hence, both cooler and fuller

are comparatives of adjectives (hence are adjectives) in addition to any other parts of

speech properties they may have.

*Note that Table 3-1 does not contain all one-vowel-string adjective-adverbs, but
rather only those that are also noun-verbs, and such that all four oi thosd parts-of-
speech categories are standard for the words involved, and such that no other parts-
of-speech classes occur. But theoe restrictions do not diminish the size of the class
by a large factor due to the fact that the one-vowel-string Y.•rds essentially form a
parts-of-speech category, namely, noun -adjectiva -verb-adve rb.
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In the general application of the procedure just outlined, it will sometimes be

necessary to take into account algorithmic spellinig changes. For example, the

adjective-adverb dry compares as drier and driest, _the y changing to i. Similar

consistent changes are dcs .ribcd in Reference 4, and will not be further discussed

here.
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4. AUTOMATIC DETERMINATION OF PARTS OF SPEECH OF ENGLISH WORDS

L. L. Earl

INTRODUCTION

This paper describes the development and details of a procedure for automatically

assigning part-of-speech characteristics to English words, largely from graphemic

considerations. The development of the algorithm began with the observation of Dolby

and ResnikoffI that the parts-of-speech associated with one-syllable words are frequenty

noun (or noun and adjective) and verb, while the parts of speech associated with multi-

syllable words are usually noun and adjective only. Development of a working part-

of-speech algoritIrn required the study of exceptions to this general rule so that

analytical subrules anrd exception lists sufficient to automatically identify all such

exceptions could be derived. Two avenues for the isolation and study of exceptions

were utilized:

(1) Exhaustive sorts of a 73, 582 word dictionary on magnetic tape were used 'o

separate and classify words consistent with the general rule from those that

were not.

(2) Analysis of possible part-of-speech implications of affixes was carried out,

by computer, on the same dictionary.

The resulting algorithm developed utilizes a prepared dictionary of loss than 800 words

and an affix list of loss than 200 enirios.

PARTS OF SPEECH USED, AND TJIEIIt ABBREVIATIONS

The tape dicticrary used for both analysos contained 73,58t2 words, with part-of-

Speech wul word status information from The §hortor Oxford Dictionary and the
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Merriam Webster New Interi.ational Dictionary. 3 The tape dictionary is reliable in

most respects, since it was made from punched cards transcribed directly from the

dictionaries, verified by different personnel, or-d spot chocked periodically during the

process. Nevertheless, errors did occur, particularly in the recording of part-of-

speech information which was not always understood by the keypunchers. The parts

of speech recorded are as follows:

noun N adverb AV pronour PN

adjective A preposition PR interjection IJ

verb VB conjunction CJ past verb PV

In addition, the category "other" (OT) was used whenever the dictionary gave some part

of speech other than the nine listed above. OT comprises mainly participles, numerals,

articles, and collective nouns. The algorithm was designed to assign these same nine

parts of speech (excluding OT) with the addition of four more which were unfortunately

subsumed under OT: present participle (PA), past participle (PP), auxiliary verb (AX),

and plural or collective noun (NP). The category noun was changed to the category

noun-adjective (NA) on the grounds that nearly all nouns can act as adjectives under

some circumstances; therefore, although we will try to distinguish AJ from NA, we

will not try to distinguish N from NA. Collective nouns will be assigned the string NA

and NP to show possible use with either singular or plural verbs.4 Although a dictionary

may show additional or fewer parts of speech for participial forms, their use (or lack

of use) as nouns, adjectives, or" verbs will be considered here as Implicit in the pIrti-

ciple assignment, and no attempt will be made to distinguish them. Thus, present

participlos will implicitly be pssiblu nouns, adjectives, or in a verb phrase, and past

participles will implicitly be adjvctives, past verbs, or in a verb phrase. An attempt

will be made to identify participles which have any other special usages, and to identify

Irregular post tense and past participial forms.
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DESIGN PLAN

In the design-of a part-of-speech algorithm, a goal of 95 percent accuracy was set.

To begin with, three basic rules were postulated:

Rule A: The part-of-speech string associated with a word containing only one

vowel string in its kernel will be NA - VB, where a kernel will be defined

as a word stripped of its affixes. Similarly, the part-of-speech string

associated with words with multivcwel string kernels will be NA.

Rule B: The part-of-speech string associated -with a wc rd ending in ed will be PP,

and with a word ending in kig will be PA. AJl PP will also be considered

PV. A NA classification will be changed to NP for all words ending in

single s.

Rule C: The part-of-speech string associated with a word ending in _ will be

AJ - AV.

Rule A is basically a refinement of the original Dolby-It.snikoff hypothesis and depends

on the Dolby-Resnikoff definition of a legal vowel string. It also depends on the exist-

once of an operational definition of affixes.5' 6 Rules B and C are a recognition of the

most consistently used and meaningful suffixes of English.

Design of the algorithm was conceived of as requiring three steps:

Task 1: Tabulation of the exceptions to Rules B and C

Task 2: Tabulation of special-pturposo words, with part-of-speech PR, CJ, PN.

or IJ, which are not coverod by Rules A. B, or C.

Task 3: Modification of Rule A as much as necesasry to achieve 90 percent

accuracy, using a study of affixes, or tabulation of exceptions, or both.

as a mea&s to this end.
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The firet two tasks will be discussed first, and then the considerably more involved )

Task 3 will be summarized. The first two tasks could be accomplished by sorting the

dictionary on magnetic tape, as nn-ntioned in the introduction, although it may be of

interest that not all of the data handling necessary could be accomplished with a

generalized sort routine. 7094 SORT was used, but special-purpose routines were

also developed.

DICTIONARY STUDIES

Task 1: Exceptions to Rules B and C

For Tasks 1 and 2 the tape dictionary entries were divided into 2 categories,

those with parts of speech (POS) limited to NA, AJ, VB or AV and those having at

least one part of speech other than NA, AJ, VB or AV. To find the exceptions to

Rule B, the entries in the second category were separated into two lists.

List 1: Words ending in ed, kng, or single s.

List 2: Words not ending in ed, ing, or single a.

According to Rule B, all words in List I should be categorized as OT and all thossu in

List : should not be. Exceptions to Itulc B arising from List I are in Table 4-1 und

those arising from List 2 are in Table 4-Z. Only words i. %atanard usage are shown

in any of the tables. There were only 18 words in the ecseptions arising from List 1,

and these are all shown in Table 4-1. This list of Is words does not comprise all the

words ending in ed, Wt. or a which are not calegoriwd as OT. as there are many

mior@ of these in the ., AJ, VB atgry, also. Forumatuly most such categary I

words PeW not be considered. Words e"ditn In % need not be oonsidered t'canwe

their actual parts of speech (uawly MA. " for puwddh &toe uubw#mndwler thk

parutepi. hboding; •s•sting thm as present par*pke will bt correct from um
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Table 4-1

EXCEPTION WORDS ENDING IN s, ed, ORi

From Category I From CL.tegory II

aliped NA across AJ AV PR
atlas NA VB alas IJ
biped NA anything N(A) AV PN
bonus NA VB besides CJ PN
callus NA VB bring N(A) VB IJ
canvas NA VB cross NA VB AV PR
caucus NA VB during PR
census NA VB hoicks VIl Ii
childbed NA VB minus NA AV Pn
chorus NA VB nothing N(A) AV PN
circus NA VB plus NA VB AV PR
debarras VB something NA V11 PN AV
debus V13 theirs PN
disfoliaged NA this N* VB AJ PN
embarras VB unless NtA) PR CJ
embed NA VB various AJ PN
embus VB whereas N(A) CJ
exceed V11 whing N(A) VB IJ
fissilpd NA
focus NA VB
gossipied NA
hocus NA VB
hotbed NA
hundred NA
intcricd NA VB
lobsided NA
millilvd NA
misdeed NA
mohammed NA
monied NA

NApmt•|id NA

pinn1ped NA
Quadruped NA
rebus NA VB
sacred AJ
Salhped NA
thormohbred INA
"•rtabd N•A
watersh-d XA
"ra~tted XA
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Table 4-2

EXCEPTION WORDS DERIVED FROM LIST II

Irregular Participle and Part Tense Verbs

bet NA VB PP drew PV PP
beaten PP drunken. Pp
begotten PV PP driven PP
bidden PV PP felt NA VB PV PP
bitten PPI flown ABS•ET
blown NA PP flew NA PP
blent PP fought PP
blest PP fraught AJ PP
bound NA VB PP frozen PP
l.ode NA VB PP gilt NA PP
verne AJ P• PP given PP
born AJ PV PP gone NA PP
bought AJ VB PP got Pp
boundcs PP ground NA VO PV PP
broke NA VB PP grit NA V11 PP
brought PV PP grew 1V pP
brant FA PP graven PV PP
braiiie PP had PV PP
bracken NA PP held PP
broltea NA PP hewn 17%*
built NA VIa PP hidden PP
burst NA VII PV PP hun, VIs 1W PP
came NA VB PP knit NA V11 M't
caught AJ VB PV PP known NA PI'
chosen NA PP lay NA VII PP,
clad AJ VB PP Imt NA VII lPP
clove PV PP letl NA V 8 PP
clung PP lem P1'
cleft NA PV PP made AJ PP
cloven PW PP Net NA PP
Could AX M PPI"
"t PP MA P PP
cUt NA VB PP "1"tVn PV PP
did PV PP m.ow 1PV PP
do" NA PV PP molten PP
dro%• A PV PP oM NA- VII AV PI PP
dnick AP pad AJ PP
draa PP
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Table 4-2 (Cont.)

Irregular Participle anl Past Tense Verb*

pent NA PP split N,. VU PP
put NA VB PV PP spent VII PP
q'it N•A VB PP spoken PP,2

rang VP stole NA V B PV PP
read NA VII VP PP strung Pis

reft NA PP stung PP
rent NA VI; PP stricken 1V PP
rung NA PP stolen N A PP
run NA VI1 PP sung i21's

said AJ PI' sunk AJ PP

saw NA VI1 PP sunken PP
sewn PV PI) swam Pt'
sent NA I'll sworn PP
should AJ AX swollen PP
shoxl AV PP taught AJ PV PP
shone IN PP thrown AJ PP
shrunk 'p1 thought PV PP
shook NA VI PP threw P13
shorn NA PV PP thrust NA VI IvV PP
shot NA VO PP told PP
shaken PP torn NV PP
shapen PP trodden PP
shatten PP went IP'
*haP )n sP were I'P
riven PP wet NA VII AV PP
slunk NA PP widen 11V PP
Mlit NA Vil PP voke 11V PP
.Aew NA VR PP worn Isis

Onelt NA VI PP would NA AX
sought PP wound NA V0 PV PP
#odden AJ VIS PV PP WOVC NA PP

-14NA VS PP PV PP
spread NA VB PV PP written PV PP
Opruft PP wrought AJ PP
#pun PP WNDM PP
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Table 4-2 (Cont.)

Irregular Plural or Collective Nowns

apache NA NP marabou NA NP

cattle NA VB NP maxima NP

carp NA VB NP mice NP

caribou NA NP- milanese NA NP

chinook NP men NP

cherubi NA NP pence NP

dice NA VB NP people NA VB NP

couple NA VB NP perch NA VB NP

crane NA VB NP pike NA V13 NP

crustacea NP poultry NA NP

cutlery NA NP regalia NA NP

data NP rice NA VB NP

dicta NP roe NA NP"

fish NA VB NP secreta NA NP

f seraphim NA NP

fulcra NA NP sheep NA V11 NP

game NA VB NP snipe NA V1 NP

geese NP sierr NA N11

genera NP npawn NA VB NP

grouse NA VB NP spoor NA VB NP

help NA NP IJ VB squid NA VI1 NP

hosiery NA NP steer NA VB NP

Ice NA VB NP strata NiP

ingesta NP starfish NA NP

irish NA AJ NP swine NP

jap.anese NA NP tripe NA NP

lice NP tuna NA NP

like NA VB AV PR CJ NP viscua NP

lynx NA NP young NA NP
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point of view of an "inclusive" part-of-speech. By an "inclusive" part-of--speoc,

string is meant that string which is sew' to contain all the parts of speech attributed

to the word by either dictionary, but which may also contain one more or, rarely,

two more parts of speech. Since use of inclusive part of speech becomes necessary

in Task 3, its justification will be discussed when Task 3 is taken up. Words ending

in ed which are not OT but are either AJ or VP will similarly be correct from an

inclusive part-of-speech viewpoint. llowever, some non-past-participles ending

in ed are NA. Some of these can be identified by the use of suffixes, to be discussed

later. All others are given in Table 4-1. Most words ending in single s will have the

correct inclusive part-of-speech assigned b'ý the Rule B - Rule A combination; all

exceptions are also given in Table 4- 1. Table 4-1 thus contains all the necessary

exception words ending in -, ing or ed.

Table 4-2 shows participles, past tense verbs, and plural or collective nouns

which cannot be rýtcogniznd from s .g, or ed endings. It is a subjective list derived

from the 1, 380 or so entries in List II which had OT designations. To make automatic

determination of paat of speech substantially faster than dictionary lookup, the excep--

kion lists wore kept as small as possible. The 1,380 entries in List II w.th Or desig-

nations include numerals, obscure collective nouns (e. g., herb, scrub), words which

become collective only when s is added (o. g., geriatric), and some errors in judgement

by tho kcytmncher as well. It is believed that this list can safely be reduced to the

words shown in Table 4-2 without dropping below the goal of 95 percent accuracy. All

o& tho irregular partlcplos and past tense verb@ have been retained, but only a partial

list of collective ..ouns has been included.

Excoptions to Rule C were found by extractlig from the entire dictionary all words

which. though ending In U, were not adverbs, or conversely, though not ending in 1•,
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wore adverbs. Contrary to expectations, there were a largo number o£ such words

(slightly over 1,500). Many of these words were judged rave, or rare in tho usage in

question (e.g., dog-fly as NA, or dash, pi, rife, smell, thistle, as AV); others could

be predicted by an extension of the affl lists, to be discussed later. In accordance

with tho philosophy of mainLaining a relatively short exception Hist without sacrificing

too much accuracy, this list of 1, 500 words has been reduced to a list of 357 of the

common words which are excerptions to Rule C, is shown in Table 4-3.

Task 2: Tabulation of Specia) -Purpose Words Which are not Covered by Itubls A,
B, or C.

For Task 2, List II was again used. 'To review, List U contains all the words

which

e llavc at loast one standard meaning corrcspornding Lo a part of vocech other

than NA, VB, AJ, ar AV (the parts of spcecn assigned by Rules A, B, C)

* Have all "irregular" entries removed (fragments, etc.:

* Have all words ending in _o, ir_., or s removed (the suffixes covered by

Rule B)

By extracting from List 11 all words with standard flc.-tniOg UvreCslx)nding to a

part of speech PR, CJ, IJ, or PN we si.oLJd get at4 exnaustive iist of those struetural.

special.-purpose words which ar) so important in a mechanized handling of English.

Table 4-4 shows the 249 foncthon wort's so €-rtel. No'e that Fig. 4-1 lists

.he 18 function words ending In a or Lnt. Because of a difficulty in sorting, certain

Ot words (27) which are irregular adverbs and collectWe, roung arc ine'alt ' in this

grt'q;. although tkcy should apicar in Fig. ,1-3 irstc•4. 1kcaue of a misundter.tandtlng

by keypunchers in the original creation o• the dictionary, some important pronouns vcrt

not so classifled In the Merriam We6ster part-of-sljpech dtsgipsations and arc` 'heref,','

mnissing (rom the !i$t (1, your. his, we them. our, us. their thcy) The, word as has,,
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"Table 4-3

COMMON EXCEPTION WORDS TO RULE C

Word 11OS Word POS

backhand N AJ V AV broad N AJ AV
bare-backed AJ AV Cheap N AJ AV
barc-headed AJ AV clean N AJ V AV
between-whiles N AV damn N AJ V AV
co-ally N double N AJ V AV
cock-sure AJ AV cast N A. V AV
counter-clockwise AJ AV faint N AJ V AV
counter-current N AJ AV fa ir N AJ V AV
cribs-cross N AJ V AV false AJ AV
cross-country N AJ AV fine N A. V AV
cross-grained AJ AV flat N AJ V AV
double-quick N AJ V AV flush N AJ V AV
free-hand N AJ AV forte N Ad AV
god-damn N AJ V AV foul N AJ V AV
half-and-half N AJ AV Iree AJ V AV
half-way N AJ AV fresh N AJ V AV
haptpy-go-lucky N AJ AV f ront N AJ V AV
harum-scarum N AJ AV full N AJ V AV
now-a-days N AJ AV hard N AJ AV
off-hand AJ AV hence AV
oft-times AV here N AJ AV
old-fashioned N AJ AV heynne AV
over-hard AJ AV hon.e N AJ V AV
over-long AJ AV ill N AJ AV
over-supply N V J1st N AJ V AV
point-blahk N AJ AV keen N AJ V AV
post-haste N AJ AV large N Ad AV
pot-belly N 1-Ist N AJ V AV
right-handed AJ AV late AJ AV
rough-and-tumble N AJ AV lax N A.) V AV
second-class N AJ AV least N AJ AV
side-satklle N V AV long N AJ V AV
siigle-handed AJ AV loose N AJ V AV
sky-high AJ AV loud AJ AV
so-and-so N AJ AV low N A-J V AV
topsy-turvy N AJ V AV maybe N AJ AV
under-arm AJ AV mvýwn N AJ V AV
up-country N AJ AV muct'h N AJ AV
up-grade N V AV needs AV
up-strear'o AJ AV new N A.1 AV
up-wind N A1 V AV not* N A\V
aft N AJ AV north N A1 V AV
back N M.J V AV odd N A,* AV
bad N AJ AV oft AV
blind N AJ V AV old N AJ A V
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Table 4-3 (Cont.)
Word POS Word POS

part N AJ V AV broadcast N AJ V AV
pat N AJ V AV broadside N AJ V AV
prompt N AJ V AV broadway N AJ AV
quee*- N AJ V AV complete .llj V AV
quick N AJ V AV costly Ai
quite N AV counter N AJ V AV
real N AJ AV curly AJ
right N AJ V AV direct N AJ V AV
sic N V AV dirty AJ V AV
snug N AJ V AV doily N

o00o1 AJ AV doubtless AJ AV
sour N AJ V AV earthly AJ
square N AJ V AV even N AJ V AV
straight N AJ V AV ever AV
thence AV farther AJ V AV
twice N AJ AV f'arthest AJ AV
west N AJ V AV furtlkhr AJ V AV
worse N AJ AV furthc~st AJ AV
wrong N AJ V AV galore N A,1 AV
yea N AV gl:Itis AJ AV
ycI) AV gully N V
yea N V AV hearty N AJ AV
ablaze Ad AV hcvn N AJ V AV
adrift AJ AV herein AV
afield AJ AV hereof AV
aground AJ AV higher N AJ AV
ajar AJ AV highest N AJ AV
akin AJ AV hilly AJ
alias N AV h,,lIV N A-J
alike AJ AV holy N Ad
alive AJ AV imndy
almost AJ AV indeed ,V
dlone Ad1 AV indoor A-1 AV
:loud AV I hloors AV
;lways AV jell, N V
AlIuII. N Ad AV juIly N
:iltiiite N. Ad A\V lario N Ad AV
apatt AJ V AV later N A-d AV

AV lath'st N AJ AV
aright AV leAthways AV
askew A-1 AV lento AJ AV
artray AJ AV lesser AJ AV
:tw.v AJ AV lily N AJ
awful AJ AV longways N AV

A V lower N AJ V AV
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Table 4-3 (Cont.)
Word POS Word POS

lowest N AJ AV therent AV
matchless AJ AV thereof AV
measly AJ threefold AJ AV
merry N AJ AV tidy N AM V AV
middling N AJ AV topside N AJ AV
midstream N AV twofold N AJ AV
mighty N AJ AV upright N AJ V AV
molly N very N AJ AV
never AV vivace A1 AV
nohow AV weary AJ V AV
noways AV wellnigh AV
offshore AJ AV whe reit AV
offside N AJ AV wherein AV
often AV whereof AV
o!)en N AJ V AV ,hereon AV
outboard N AJ AV wily AJ
out right AJ AV abundafnt AJ AV
lperchance AV adagio N AJ AV
;rforce N AJ AV allutter AJ AV
I,-rhaps N AV afterward N AV
pivno N AJ AV afterwards N AV
plenty N AJ AV aglitter AJ AV
pronto AV akimbo AJ AV
proper N AJ AV alibi N V AV
rallv N V alongshore N AJ AV
ready N AJ V AV already AV
reckless AJ AV amidships AJ AV
reply N V anywhere N AV
restless N AJ AV al)rio' N A.1 AV
reverse N AJ V AV ba:rclack AJ AV
sally N V barefl'•t AJ AV

,aly AJ butterlly N AJ V
seldom AJ AV careless N AJ AV
sheepish AJ AV vowardly AJ V
slalntways AV lvrecewlo N AJ V AV
Sl:1n1wise AJ AV vlicwhere AV
Smcliy Ad •evermorc AV

$oowr N AV vxtlemporv AJ AV
blwedy AJ AV faisetto N A- AV
il:irhoard N AJ V AV Ianmily N AJ
stvadifas AJ AV forvhant N AJ AV
steady N AJ V AV (oromoot AJ AV
sudden N AJ AV forevvr N AV
sOlly V forzando AJ AV
tally N V turtlwrmrorv AV
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Table 4-3 (Cont.)

Word IPOs Word POS

henceforth AV therefore N AV
hereabout AV thereto AV
hereafter N AV thereupon AV
hereby AV thousandfold N A. AV
hitherto AJ AV twelvefold AJ AV
homily N unaware AJ AV
however AV underground N AJ AV
howsoever AV underhand N AJ V AV
hundredfold N AJ AV ungoxily AJ
impromptu N AJ V AV unholy N AJ
inasmuch AV unruly AJ
innuendo N V AV unsightly AJ
insomuch AV unworldly AJ
legato N AJ AV uplprmost AJ AV
lentamente AJ AV upriver AJ AV
lifelong AJ AV verbatim N A. AV
manywavs AV %he reiCbout N AV
miserly AJ whereby AV
nevermore AV whcrefore N AV
ninefold N AJ AV whereupon AV
outermost AJ AV wholesale N A, V AV
overboard AV vesterdav N A., AV
overhand N AJ V AV altogether N AJ A V
overhead N AJ AV beforehand AJ AV
ovc.land N AJ AV contrariwise AJ AV
overnight N AJ V AV e'erYtway AV
overtime N AJ V AV everywhere N AV
piecemeal N AJ V AV fortissinlo N Ad AV
sevenfold AJ AV henceforward AV
sforz1ado N AJ AV heretofore N Ad AV
slorzato AJ AV incognito N A.1 AV
Sideway N AJ AV nialaiwopos N Ad AV
sidewavs AJ A% melancholy N AJ
s'xtyfold N AJ AV n'toderato ,A-1 A"
$oflenthow AV 1tonopoly N
soiwtini AJ AV neve u'the less AV

AV uIftettitmin AV
N AV lihnissimo N A-1 AV

ttce;ito N AJ V AV pizzitato N A- AV
trghtaway N AJ AVlji'lti~&io N N.) AV

tAVrt. itot A V thi-it-M• or-'d A V
ilierea bouts A V unawa reis A V
thercutter AV uido-rn.anced AJ AV
tlwi'bv~ AV
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Table 4-4

SPECIAL-FUNCTION WORDS

Word POS Word POS

he N AJ V PN IJ if N CJ
she N AJ PN OT self NAJ V PN
the AJ AV OT of N Pit OT
me N PN stag N AJ V AV OT
a N AJ V PR OT dang N AJ V AV OT
decad N AJ AV OT whang N V AV OT
mid NAJAV PI each dJ AV PN
bold N AJ AV OT which AJ PN
and N AV CJ rich N AJ AV
beyond N AV P11 such AJ AV PN
round NMA V AV PR nigh NAJ V AV PR1
thud N V AV IJ though AV CJ
whence N AV CJ through N Ad AV Pit
since AV P11 CJ plash N V AV IJ
once N AJ AV CJ swash N AJ V AV IJ
bounce N V AV IJ swish N Ad V AV IJ
jee N AV IJ with N AV P11
strange AJ AV IJ both NAJ AV CJ PN
like N AJ V AV PR CJ OT south N AJV AV Pit
while N V CJ crack N Ad V AV IJ
vile AJ AV OT stock N AJ V AV OT
samne N AJ AV PN rank N AJ V AV OT
some AJ AV PN OT plunk N V AV LJ
thine PN OT whisk N V AV lJ
II ine N AJ V PN all N Ad AV 11N OT
one N Md V PN OTr fell N V AV PV
none N AV1 PN OT well N Ad V AV OT
prtone N Md AV OT till N V Pit CJ
woe N AV Id OT still N Ad V AV CJ
crc N AV P1t CJ him N PN
there N Ad AV PN whom PN
whure N AV CJ PN fr1m Pit
uamugro AV Pit CUA d AV Pit
fore N AJ AV I11 Wn than PR C.)
MOM N A, AV PN been 1V
wt1* N Md V AV OT then X AJ AV CJ
wholle Ad PN QT when X AV CJ P'N
ante N V AV PP in N Ad V AV PH

N V Pit :.I l'in I2V
bove AV Pit on N AJ AV Pit
aye N AV IJ con N AJ V AV Pi
off N AJ V AV Pit down N AJ V AV PRi
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Table 4-4 (Cont)

Word POS Word P08

who N PN IJ how N AV CJ J
no N AJ AV now N AJ AV CJ
pso N AJ AV PH ay N AV IJ
so NAJAVCJPN by N AJ V AV PRto N AV P:1 why N AV IJ
sweep N V AV whizz N V AV Ll
plop N V "6 I' N AV
pop N AJ V AV U supra AV PH
up N AJ V AV PR contra N AV PR
bar N AJ V PR insit•ad AV OT
dear NAJVAVIJ abroad AJ AV PR
near N AJ V AV PR amid PR
her N AJ PN inland N AJ AV OT
per AJ PR behind N AJ AV P1%
or N AJ Pit CJ around AJ AV PH
for N PR CJ almard AV PR
nor CJ toward AJ AV PR
whirr N V AV IJ astride AV Pit
at N AV Pit CJ PN aside N AV PI'
neat N AJ AV OT beside AV PH
great N AJ AV OT inside N Ad AV Pit
that N AJ AV CJ PN outside N AJ AV Pit
what N AJ AV CJ PN J OT unlike N AJ AV Pit CJ
wet N AJ V AV OT beWtore N AJ AV Pit CJ OT
yet AJ AV CJ because AV CJ
left N AJ AV OT desp,.e N Pit
light N AJ V AV OT aixwvc N Ad AV PR
aught N AV PN himself N PN
caught AJ V PA 01 herself PN
ought X V AV PN OT ourself PN
It N PN your.,elf PN
not N AV PR itself txx
srýt N AJ V AV OT my.4lf |IN
fast N AJ V AV LJ along AV PHpast N AJ AV PH OT vthting AV Pit

Nidst NAV Pit aflitn4 JaR
Ix.st N AJ V AV OT antih 1V Pit
let CJ although CJ
most N AJ AV PY OT enough N Ad A V U
hut N AJ AV Pit CJ PN awash AJ AV OT
ou N AJ V AV PR IJ be.inath AJ AV PR
bout N AJ V AV PR aral N AV CJ
14 N AJ AV PR un•tU R CJ
you ,X P*N OT hidden 1vV
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Table 4-4 (Cont.) j

Word P08 Word P08

between N AV Pit without N AV PR
amen N V AV IJ betwixt AV PR
certain N AJ AV O'T' adieu N AV IJ
within N AJ AV PR below N AJ AV Pi
upion Pit midway N AJ AV Pit
ago AJ AV bully N AJ V AV IJ
into PR only AJ AV PIt CJ
p)resto N AJ V AV IJ any AJ AV PN OT
asleep AJ AV OT alongside iN Oit
atop AJ AV Pit o;)p•site N' AJ A.V PI1
ancar AV Pit ones, l[ PN
yonder AJ AV PN a sidelong MJ AV PR
under N AJ AV Pit widerneath N AJ AV PR
rather AV OT wherewith N AV PN
whether N AV CJ unequali N AJ AV OT
either AJ AV CJ PN ove.rall N AJ AV OT
neither AJ AV CJ PN unbeknown N M AV OT
whither AV CJ another AJ PN
other N AJ AV PN whichever AJ PN
after N AJ AV PR CJ whoinever 1N
better N AJ V AV OT whenever AV CJ
whoever PN whensoever AV CJ
over N AJ V AV PR who)soever AJ PIN
atour AV PIt whi, -ever AV CI

AV PR whatever AJ AV PN
outwrought PA OT u)nnewhat N AV IIN
albeit CJ tu|hthought AV CT
howbeit AV CJ aanidwost AV Pit

Slan|1t AJ AV Pit undt|r:10st AJ AV OT
except V PHt CJ .nyIw AV OT
athwalt AV PR anyway AV OT
imol't AV OT inmonthly N AJ AV OT

amuidst \ AV Pit iantly AV CJ OT
amunast Pit cAVetvr~atc AJ V AV OT
agaiý,-Iit PH wherewithal N AV PN
midmost N AJ AV PA as.|Xiy N PN

N"uM N AJ AV OT cerybuy pS
about AJ AV PR immediaawy AV CJ
throa ut AJ AV PR
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been lost in the sorting process. No other significant omissions have been noted, but

arM of course possible since checking of the tape dictionaries was not exhaustive. The

parts of speech given in Tables 4-1 through 4-4 were taken from the ape dictionary

and have been verified In the dictionaries themselves.

Task 3: Modification of Rule A Using a Study o1 Affixes

Rule A is based upon a gnenrai observation. The Imsiness of Task 3 is to discover

it is posible, by considorng prefixes and suffixes (which might well be ex t(pxd to be

key structural elements indicative of syntaLtic roles), to convert a gtmeral rule

4vIdcrntly eoective in a majority of cases to an (3xha.4ive rule effective for 95 percent

of the words. It was first necessary to develop a [ormal and roprodlucible dtifinition of

prefixes and su~ffxes, as is described In The Nturc of Afixlng in Written EngLish1

and Structural Definition of AM es in Multisylable Words. 6 It wus then necusary to

investigate the extent of the correlation bvtw4-vn affixes and part-ouf-s1ech. -is

described in Pat-of-Spavch _ImISlcations of Affixes. The results uo the corrvla.ion

can be briefly described hare.

All wordla withi part of spwvelh AV. Pit. PN, XP, 1J. IDA. PP. VP.l. an•l CJc'.• ix,

auomativally aUigod part of poorch by rotomewcr-t to th• wunr list, in Tableos -I-1

thouwy? 4 -4. 101OWWIvt byI 1pp atios1 of Ittdc 1$ 40d C for VMIrds 'lt in thvv-v I*sis

lnnivaon -o Affixes *zWs ther~orv, 4m"riled Ortly Wih wort4 WtWAi!

p.art of s•pch oitrtnl cont-i•nwd the cle.wnt* NA, AJ, :nk Vi, which lWOw* tOW live

pP**iW- om~t~atons VDI. XA. AJ. NA -VI4. AJ-VII. SA-AJ Lving •C4kkrrl4 VqUivak4V.t;

to NA. Attempts to vtaWisli a D," pvtCV-1 hetetoobween 11w part sap"C SMUiin

of a ,wrd w. its affixrx tfak-4, t4mwriver. It vs ant•rt hat 1w Corro'ation wVa ¢dor

for four- to •sVn-syll&be words tIa, for two- to cthe.sy.llaile 'rds, and tIht a vr-ry

4-IS



good corrcnlator. could be obtained for all words between an "inclusive" part-of-spcch

string and the affixes. Thus in some cases affix-vowel-string considerations enable an

absolute identification of the part of speech of a word, but in other cases Identification

is to a mr-c inclusive set. For example, a NA or a V11 may be. clasI&fied as ?ZA -VII

or an AJ may be classified as a NA. Such a cla'-ifica~ion is justifiable on the

following grounds:

* It is the natural task of "a syntactic analysha progrin to choose among several

possible parts of speech, and it is caser to do o tian to supply a missing

part of speech.

a Dictioarics are very ruliabit in the informationi explicitly given, but imp)icea-

tions inaferred irom the almence of information are less; rlj:|able. Thus the

inclusive part of speech string asuignus by the algurithm may in some cases

be more correct than the more limnita,. one assigned by a pIrticular dictionary.

In our expurience with the SOX anAd MW3 dictimarivsa we foum, many instances

of nonagrecment; usually one *.4s more m;'lusive than the other.

in PoQ- _h Impil ttu 'o Affixes. .hc rwmults of the currelation stlxly am.1

given for 72 prefixes d 7 a tnd S LT , 1mph 1 r ,o th1e form XA, or AA-Vtco or

VU or AJ. For 41 of the affixes, the Wrt-of- pxeih implic;,*;o ehhaagos with the legth

oia Ow wHt,. from S A-VS for tw-, and thr,-iibhzk wrdis to NA -ar laur- to cight-

syllable words..

Later a varrulatil was mrao for tOw ala*xo. pro'v,,usly mvn lioW. which #Mme

to be likely raahd~atcs for hica.o olw et-ept;no list* by aiding in the Wdaltificraft of

advartn or in the Idwnailcatitm of words wlighc in ed which are not past participles.

ThoeWgh not operatimally definWd the** a•%"tt are of practicA importaev WWd Dre

tvereforv listed beloa. with their ipz--o-spfc:,rh umpitialtons.
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Prefixes POS Suffixes P0S

north NA AV seed NA

south NA AV weed NA

west NA AV like NA AV

a- AJ AV wise AJ AV

ward NA AV

wards NA AV

-fly NA

TESTING AND EVALUATION

Rules A, B, and C, the exception lists, and the prefix and suffix implications

reported in Reference 7 were incorporated into a computci program for testing the

algorithm. In the program the exception lists were checked first, then the word was

separated into kernel and affix parts, t',en rules B and C and the other affix rules were

executed, and finally rule A was applied to all words still without a part-of-speech

assignment. There are some compiications involved in some of these steps, partic-

ularly in separating a word into kernel and affix parts, and in assigning parts of speech

on the basis oi affixes. The logic used by t e program for these steps is given in

Fig. 4-1.

To sulmmarize briefly, the criteria by which an affix sequence was accepted as an

affix in a given word was the same as that given in Reference 7. Prefixes were given

priority in the stripping of affixes from the kernel, but suffixes were given priority in

assigiing the parks of speech of the word (as is also explained in Reference 7).
2,3

To tesL the algorithm, 500 words were chosen at random from the tape dictionary

and the parts of speech assigned by tae algoriLhm were compared with those given

)

4-20

LOCKHEED MISSILES & SPACE COMPANY

-.-7 -*



BEGIN

Store the word into

KERNEL buffer

T Initia ize oS

yes inChekin KERNEL T

yes Check if KERNEL yes Finished
contains only I finding

Svowel string, af fixes

no

Check if previouslyx yes ipFinished
determined there finding
are no prefixes ota prefixes

Test if a transformational s e na
prefix matches with thedesirnetbeginning of KERNEL T prefix

110

Ne prefix no Test if a normal prefix
• - matches with the

Tbeginnig of KERNEL

f yes

yig. no seart signal R prefix Chek Diagram

y and/or kernelt fulill codtin
Tested Tested /Put prefix into TENTP of that prefix.
[all all a~nd rest. of KERNEL Mk n hne
IR prefix? T prefix? iinto XTAB ysIdesired in either

Negat'e prefix [ o [Test if the initial
Was this a consonant string of.
T prpefix? [ XTAB is legal

S'yes

Fig. 4-1 Search-for-Affixes Fiouv Diagram
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kltermine the no. ofthe
ts vowel atrinat in XTAB

Sstore 
value in XLEN

di'term

noek"' ysufi an/o .seIT st if a trnsormal noctfndn

Setrinal Tuflscod- -suffix macewihhe?;

tins Mkean I temiatono KERNELtoTB

"Wa tf a Dtrine the no--. 0o
,owelstingts i n

7 11

AdZTET and sret no..
SMak any tminto Z KERNEL

Fi. des i4ed-1l i 1oF0Search-fost-ter ina consonant'

eihe -SI - i -- o ln
no ! yes Tes if .... ma n

•-Nesuffi suatc.h|s

Set sinarTe f Fix? i ye'el stig il

I' ZTENTS and rstor of
-J KERNEL int LEN

noeye

- Neaesufx

pr fix? vowe Sere-f r i-Afi s Fo Di aganCn,
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9

Is there a tentative prefix

yes

yes ...Is prefix followed by Reject prefix
a voel yc 8 ooppossibility

I1 XLEN <O INJ n Accept Isuffix
I LN:- ZLý ý add I to suf fix

- i yes count NOSUFIF

Accept prefix
Add 1 to NO PR EF ____F__d 1Store 

TENTS into

next availaible space
in SUFFIX buffer.

Store TENTP into next Store last index
available space in PREFIX value used in deer.
buffer & record last index of of NOSU F F
-store in decr. of NOPREF

ESet to store Sct to store ZTAB

*XTAB in KERNELInKRE

Change KERNEL toXTAB
or ZTAB

If no prefix or no suffix
found, set FLGN or FLGM
to nonzero

Fig. 4-1 Search-for-Affixes Flow Diagram (Cont.)
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C2
Put the part-of-speech
and priority indicator
of the leftmost prefix
into PREPOS and of the
rightmost suffix into
SU MFPO S

IAssign thc part of _no Are both PREPOS &
speech associated SU FPOS empty?Iwith the highest
priority indicator yes

Find the no. of syllables n
in KERNEL.. Is it > 1?

Was the part of V s

speech IIS and not Assigen part of Assign part-ol-
AJ also speech NA speech NA + VB

Take off the right.- no
most suffix for
purposes of deter- Output the sentence and each
mining part of I word in the sentence with its
speech I pre-fixes, kernel, & suffixes

and assigned part of speech

Was the highest_
priority indicator Output the part-of-speech
associated with an information on the appropriate
affix whose POS binary tape, as determined by
changes with length? sentence lcngth

no
Are there 4 or more .
syllables in the word? t y_ e ~,mv l ~v | lcc .

r ye from the assignmenm

Fig. 4-1 Search-for-Affixes Flow D)iagram (Cont.)
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in the dictionary. If dialectal, obsolete, archaic, and rare wvords causing errors are

removed, and if program errors arc corrected, results are as follows:

Category Number of words in category

Assigned POS matches dictionary POS 271

Extra POS assigned 196

Missing POS 1,(

POS does not match at all - Error

Total sample 491

This shows that 95. 1 percent of the words were assigned the correct inclusivc

part of speech and 55.2 percent were assignied parts of speech exactly coinciding with

those assigned by the dictionary. Thus, the goal of 95 percent has just been achieved.

It is interesting to consider how little the affix implications have improved the

results for this sample. Taking the first 192 of the 500 alphabetized words and applying

the original Rules A, B, and C only, 20 words arc shifted into the exact match c gteory

and 25 words from the exact match category for a net loss of 5 words, where 2 of

these go into the error category. Six words are added to tOe words with missing part

of speech while two words are taken out of the category. Thus the Lotal loss is ,4 more

words into the missing category and 2 more words into the error category, or about

a 3 percent loss from the point of view of inclusive part of speech. Rule A, it will be

remembered, requires the removal of affixes from the kernel of the word. If this

kernelizing of the word is omitted, there is about a 13 perceunt loss from the point el

view of inclusive part of speech, indicating that the fact that a word is affixed is more

important in predicting part of speech than what the affix is (the affixes in_, ed, and Ly

excepted). Nevertheless, using tho implications of affixes is a refinement in On area

where refinement is sorely needed.
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It might be interesting at this point to evaluate the two original premises, that

elementary words are largely nowi-verb and all other words are largely noun only.

To test the first premise, the standard one-vowel-string words in the tape dictionary

were divided into two sections, those which were NA-VB (and only NA-VB) and those

which were not. (The OT category was ignored.) There were 2,520 words in the

NA-VB category and 1, 925 words with more or less parts of speech than NA-VD. The

1,925 word list includes the 132 one-syllable members of the word-class with parts of

speech PR, CJ, IJ, PN, and PV listed in Table 4-4. Discounting these 132 function

words then, the first premise is true for 2, 520 out of 4,313 cases, or about 58 percent.

To get 95 percent of the one-syllable words assigned as in the dictionary, most of the

1, 793 non NA-VB words would have to be in -an exception dictionary. However, sinlic

most of these are NA, from the point of v.cw of inclusive part of speech, the NA-VI3

rule for elementary words is quite good, giving results very close to those obtained in

the 500-word random sample of all wor'ds (55 percent exactly matching dictiolnary,

95 percent giving correct inclusive part of speech).

The second premise has not been directly tested, but may be inferred from the

500-word random sample, since we have just )LroVCII tLat the one-syllhblC wo01dS (theCLC

are 46 in the sample) do not affect the results substantially. In its genCratl fvl'(,' the

second premise is true about 70 percent of the time, as is reported ill leferCc'ecc I.

In its modified form as stated in 1Rule A, and tested by our 500--word sample, it is true

for only about 33 to 60 percent of the cases, hut is goiod lor about '0 to 93 perce'€,nt 01'

the cases from the point of view ot intlusive part of speech, with something ltVs tliaIi

5 peccnt variation, deotnding on whether or not part of s1pech implications of aiii.xcs

itre used.

4-,'-
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SUMMARY

The net result of the part-of-specch studies is an algorithm which, used in con-

jw~ction with a dictionary of less than 800 words and an affix list of less than 200,

gives a correct "inclusive" part of speech for 95 percent of a 500-word random sample,

and which s;hould do better on textual matterial. Tic dictionary is derived from an

exhaustive compilation of words which the algorithm is not capable of handling. Such

words are either adverbs, ftiction words. participles, or collective nouns not recog-

nized by the program, or conversely, words so classified which shouldL not be. The

number of words in the cxhaustivQ list is 3,163, of which only 754 were selected for

the dictionary. However, as explained in the body of the text, all of the 267 function

wor•sl with parts-of-speech otier than NA, AJ, VB, or AV have been included, as have

all of the irregular past verbs and past participles aud the more commonly used adverbs

and collective nouns. The 2,409 words omitted arc mainly less common adverbs and

collcctive nowis and they comprise only about 3 percent of the total 73, 5b2 word

dictionary.
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5. PROGRESS RE;PORT 01` A SYNTACTIC -STATISTrICAL METHOD
FORl AUTOMATIC INDEXING

L. L. tLarl

A Method fur autuniatif. indexing has been ievelolted with two basic aims in mindl.

Tho fiLrst aim has beesi to provide a two-levei index:

Level (1): Index termis which are descriptivec of the subject matter yet reprcsel.L

a drastic reducicon of volume'.

Level' (2). Inidex phrases, arranged undIer Lthe termis, which ivonsist of SclCut4.d

phrases from) the text containiing the ternis and which give a more

Complete picture Of the spiibjccL Imitter

These two levels would allow SelectiVe Storage or reirieval. t(lepenaindg on the caluicitics

of the system or the nc(ds o i the :.adividual ivfornv:~i~in seeker. With Lthe present

"aloih il euto on the first levcl is Lu somewhecre between 0. 0i5 and 0. 25 per-

cent of the original volumec, anti on the 'second level to somewherc, betwecn 0. 5 andI

3 1w.rcent. The wide range of reiiuction on both levels has to do with the eccond aint,

whlich is to adjust tile density Of terims ;iad phra~~se to cot resixxid with the Information

contet ci t~ utet

In khe methodi dvvelupeol. the text is fi rst redluceLd by SOCiCtiig a group~ of rue

On tho W- sis of their sy stiv tuic flti"111 the' 1'L1 m ~iuwi vasesS~h i ZkrI tllt- SUbjetS Of

veins1. "rI the Objects Or 11redicate coni lemonets of vuria or infinitivuA, tuguthvr with

aiky nuxifg Ii.yi4; itivc - Ft.~es cti eec) cotnints atv takcr. of the re-maining d*urtto,

th...41 lmdec tcr"I'nfl ZI. taiken irtmit the, Ntucid with highoist 1rmviiuney cimalf~. "sIng untnrjy

CkWi; '40 &-wrinam th nuw~br oi M4dex termis chosen. eriving sujitabe cUvcLria to

alicuA the '.svcond h*:ss aim. aJur-nicnt 'x4 the dansity of inde p crtses a cunling to thc

LOC,(mEEO MImSSiLES at SPACE COMPbA%Y



level of information content, has been a major concern. Five texts have been used as I
sampics for experimental purposes:

Text I - An excerpt from an electronics textbook, concerned with amplifiers

Text II - An excerpt from a text on information processing, concerned with the

encoding of speech and pictures

Text III - A talk given by a college president on the inauguration of a department

of synnoetics

Text IV - A chapter from a book about the personal history of the scientists who

developed the atomic bomb (titled Brighter Than a Thousand Suns)

Text V - A journal article on a technique in processing of lists by computer

(titled "Multiword List Items")

The indexes produced using the current algorithm are shown in Figs. 5-1 through 5-5;

each of the five texts has been reproduced in Figs. 5-6 through 5-10. The first six

letters of each index term appear on the left. The index phrases containing the index

terms are listed underneath the terms, indented 7 spaces. In the opinion of the author,

results are best for the textbook excerpts (texts I and II), satisfactory for the light and

low content (texts III and IV), and poorest on the more specialized and abstract journal

article.

t
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AMPLIF
USC OF MULTIPLE AMPLIFIER STAGES
POWFR AMPLIFIERS
GROlNDET) GRID AMPLIFIER
ENVELOPE RESPONSE CHARACTERISTICS OF BAND PASS AMPLIFIERS
OUIPUT OF ONE AMPLIFIER
PRACTICAL PUSH'PULL CLASS B AMPLIFIERS
TW Uu , L. iFIE RS
ENVELOPe RESPONSE OF BAND PASS AMPLIFIER
VIUFG AMPLIFIER
PUZR' PULL AMPLIFIERS
THuS GROUNDED GRID AMPLIFIERS
MObT MULTISTAGE AMPLIFIERS
TRA;NSIENT RESP•,N•SE CHARACrERISTICS OF BAND PASS AMPLIFIERS
Tu•NED AMPLIFIERS
TRANSIEN' RFSPONSE OF EOU-IVALFNT VIDFO AMPLIFIER
PC THAN CLASS AR AMPLIFIERS
REbPUNSE OF eAND PASS AMPLIFIER
DISTRIBUTED AMPLIFIER
ENVELOPE RESPONSE OF AMPLIFIER
CIRCUIT DIAGRAM OF AN AMPi IFIER
PF(FURMANCE OF RAND PASS AMPLIFIER
MONF. STAGES OF VIDEO AMPLIFICATION

C:RCUI
CIiCUIT D;AGRAM OF AN AMPLIFIER
I)EbIGN OF OUTPUT COUPILING CIRCUITS
GRUUNDED CATHODE CI•LCUIT
.EQUIVAL.NT PLATE CIRCUIT OF FIGURE
ANýALYSIS OF CIRCUITS
CICUIT CONNECTION
SIMPLE CIRCUITS
COMMON CAUSE OF CIRCUIT CONDIIION

RESPUN
REbPONSF OF BANn PASS AMPLIFI&R
ENVELOPF RFSPONSE OF AMPLIF IFR
ENVFL•PF RESPONSF OF BAND PASS AMPLIFIER
SAME TRANSIEFNT RESPONSE CHARACTFRISTICS
ENVFLOPE RESPONSF CHARACT"IJSIICS OF HAND PASS AMPLIFIERSTRANSIENT RESPCNSE CHARACIFRISTICS OF BAND PASS AMPLIFIERS
PObSIRLF iiESPONSF
DEIFNMINATION OF ENVE•LOPE RSON:Th
TRANSI}NT RESPONSE CF EOýIVANT VliWO AMPLIFIER

Fig. 5-1 Iidex for TexL I
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1TCT6 T
COMPLETE PICTLRE
NEW PICTURE
PICTURE SIGNAL
VOLTAGE OF PICTURE SIGNAL
NEXT PICTURF
SnRTS OF PICTLRES
ACTUAL PICTURFPTRANSPISS SYSTEMS
BRIGmT OF COLCR TV PICTLRE

SIGNAL
STRENGTH OF SPEECH SIGNAL
PICTURE SIGNAL
VOLTAGE OF PICTURE SIGNAL
ORIGINAL SPFECH SIGNAL
SLOW VARIATIONS OF SIGNAL
CONSICERARLF STRETCH OF SIGNAL
OF SIGNAL
DESCRIPTION OF SIGNAL
LIMITATIONS OF SOURCE SIGNAL
ANALOG SIGNAL
SPEECH SIGNAL SOUNCS

SPEECH
ELECTRICAL REPLICA OF SPEECH
SPEECH QUALITY
SPEECH TRANSMISSION
STRENGTH OF SFEECH SIGNAL
MOST COMPL.ICATrED SPEECH SOUNLS
SPEPCH SIGNAL SOUNCS
INTELLIGIRýF SPEECH
FINE TEMPORAL STRUCTLRE OF SPEECH WAVE
ORICIINAL SPFECH SIGNAL
SPEECH TRANSMISSION PRORLEM
SPEECH SOUNDS
ENTROPY OF SPEECH

VOCODE
UNNATUHAL SOUND OF CHANNEL VCCODE
EVEN IMPERFFCT VOCCDE
TRANSM'ITTING ANALYFR AND RFCEIV:NG SYNTHESIZER UNITS OF VOCODE
CHANNEL VOCODF OF FIGLRE VII-4 N-ýF-)S
SORT OF VnCODE DýSCRISEC SENCS INFORMATION
MOST VOCODE
FORMANT TRACKING VCCOCE
VOCODE OUALITY
COST CF VOCODE EQUIPME\7
VOCODE WAY OF
VOICE-EXCITED VUCOCEF

Fig. 5-2 Index for Text Ii
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DEVELOPMENT OF ORDERLY THEORY OF SYNNOETICS
tIANIMAN SYNNOESIS
BRANCH OF SYNNOETICS
ETYMOLOGY OF-SYNNOETICS
SJBJECTS-OF SYNNOETICS
IMPLEMENTATION CF:SYNNOETIC SYSTEMS
PURE AND APPLIED SYNNOETICS

_THEORY
THEORY OF PRACTICE OF
STUDY OF THEORY
DEVELOPMENT OF ORDERLY THEORY OF SYNNCSTICS

Fig. 5-3 Index for Text II
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ATOM I C
CFRTAIN ATOmIC
"IINIDS OF ATOMIC PHY-SC S
ATOMIC F•,O
ATOMIC ARMAMEN,
FUTUkF OF ATOPTIC
ATOMIC SCIENTISTs
ONE OF- ATOMIC EA^-:I-

ATOMIC AIR PA:[r
ATOMIC PHYSICIST
ATQ M-C wEAPON
ATOMIC LA ORAT5R7t'S
RAIN CF ATOMIC 4CM:;5

ATOMIC TEST EXPLCS:,,

Or ATCM!C PHYSICISTS
NO ATCMIC. SPC%,r.T
DIRECTION OF' NE_ ATOMIC 1NDU5STRY

FFDFRATION OF ATOMIC SCIENTI1TS

NEW LEGISLATIVE PRCPCSAL
NF4 LFGISLATICN
UIRE.CTION OF NEW ATOMIC INDUISTRY
M.FMRERS OF N2'E SCIENTIFIC
DANGEROUS EFFECTS CF •,Ew POweP
OF NEW KIND OF WEAPONS CEVELCPMPNT
NFW FRIENDS
NEW PCWFR
SINGLE ONE OF" NHW EOES
SCIENTISTS* VISION OF NeW WOSLD

PHYSIC
MINDS OF ATOMIC PHYSICISTS
OF ATCMIC PHYSICISTS
YOUNG AMERICAN PHYSICIST
LFARNED PHYSICIST
ATOMIC PHYSICIST
ONE OF AMFRIC4N PHYSICISTS
THREE PHYSICISTS
YIUNG PHYSICIST

SCI ENT
GROWING TFNDENCY OF SCIENTISTS
ATOMIC SCIENTISTS
YOUNG SCIFNTICTS
SCIENTISTS* BLOOD
OF SCIENTISTS
DOZEN OF YOUNGER SCIENTISTS
INDIRFCT METHCD OF SCIENTISTS
SCIFNTISTSo VISION OF NFA WOALD
MFMHERS OF NEI SCIENTIFIC
FEDERATION OF ATCMIC SCIENTISTS

Fig. 5-4 Index for Text IV
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I TEM
ITEN FORMAT
MULTIWORD ITEM s
SINGLF LIST ITE-M
SUCCESSOR Or ITEM
MULTIWORD ITEM CONCEPT

LONGER ITEM
ONLY ONE ITEM
CONCEPT OF MULTIWORD LIST ITEM
SPECIFIC ITEM
ADDRESS OF SUCCEEDING ITEM
LOCATION OF PARTICULAR ITEM
ONLY ONF TWOWORD ITEM
SIMPLE FORM OF MULTIWORD ITEM
POSSIRLE ITEM OF TYPE
OF ITEM
TWORO

ITEMS
DELETION OF ITEPS
LIST ITEMS
MEMORY LOCATIONS OF FIRST WoHD CF TWO ITEMS
SUCCESSIVE- LIST ITEMS
MOST SIGNIFICANT CONTRIpUTION OF MULTIWORD ITEMS
THEN VARIABLELENGTH ITEMS
MULTIWORD ITEMS
INEFFICIENCIES 0F SINGLFWORD ITEMS
CONNECTED SFQUENCE OF ITEMS
FOL1, ITEMS
CONSIDERARLF MANIPULATION OF SECENCE OF LIST ITEMS
FILE OF ITEMS
EMPTY
SPACE LIST ITEMS
NUMHER OF SINGLET LIST ITEMS
MULTI7WRD LIST ITEMS
TWOWAY LIST OF THREFWORn ITEMS
NO INIDIVIDUAL ITEMS
USE CF MULTIWORC ITEMS
LARRE FILE OF ITEMS
MOST FRECUENT LIST OPERATIONSINSERTING AND DELETING ITEMS
THREE TYPES OF ITFMS

Fig. 5-5 Index for Text V
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L IST
SUCCESSIVF LIST ITEMS
TWOWAY LIST
SI1PLE LIST
SPACE
DOUHLFT L!ST
CONCEPT OF MULTIWORD LIST ITEM
LIST HEAD
LOCATION OF HEAC OF APPROPRIATE LIST
SINGLF LIST ITEM
DOURLFT SPACE LIST
LIST REPRFSFNTING RnW
SINGLFT LIST
L!ST STRLCTURF
NULMdER OF S!NGLeT LIST ITEMS
SPACE LIST PROBLEM
FUNCTION OF WHOLE
SIMPLICITY OF LIST STRUCTURES
SIZE OF LAIST -

ONE LIST STRUCTURE

Fig. 5-5 Index for Text V (Cont.)
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6. STATISTICS OF O1 I,IA'1IONAI,IA I),,'INI.) II(MONYMS OF1' LEMENTARY WORDS*

B. V, Bhimani, L. L. Earl, and It. 1P, Mitchell

Words that are pronounced the same but have different spellings and meanings, as

for example pail and pale, generally called homonyms, have long been of interest to

punsters. Systematic investigation of the number and nature of these words shows

that they are also of more general 'nd serious interest. Of the approximately 5, 700

"clementary"" words in the dictionaries studied,1 about 3, 000 can be ambiguous in

their spoken form. Moreover, man), of these words are common words; in the 503

2words in Godfrey Dewey's word list with a text frequency of more than 20 in a sample

of 100, 000, only 222 words are not part of a homonym set. Thus, homonyms arc a

significant class of words not to be overlooked in the study of the English language."

For purposes of this study, a homonym set, was defined as a set of different ortho-

graphic forms having an idential phonetic transcription as provided by a specified

authoritative source. Any member of a homonym set is called a homonym. An exhaus-

tive compilation of all such sets was made, by computer program, from the 5, 757

elementary words listed in the five dietionaries con,:icdered, each of which provides

4-8an authoritative phonetic transcription.

*Supported by the Lockhced In(iei'ndent lResearch lProgramn.
**According to the 2nd edition of Fowler's A Dictionary of Mdxern English Usage 3

Rl(obcrt Bridges published an essay on homol)hones in 1919, as Tract 11 of the Society
for Pure English, in which he compiled lists of words that are pronounced alike but
have "different origin and signification." Hls lists contained 835 entries comprising
1. 775 words (not limited to one-syllable words, and not including words that were
originally the same but have acquired different meanings), which led him to the propo-
sitions that homophones are a nuisance and that English is exceptionally burdened with
them. ile proposed also, however, that homophones are sclf-destru--tive and tend to
become obsolete, a proposition which may lx- questioned in the light of our recent

iv compilations.
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References 4 through 8, respectively, will be referred to by the following abbreviations:

* MW3

* KK

*ACD

•JON
•SOX

The homonym sets were derived separately for each dictionary, so that differencecs

in the phonctic symbology of the dictionarics did not cause any problems. Vor each

compilation, all 5, 757 elementary words listed were considered1, even though each

word did not appear in all five dictionaries. Before the homonym sets were compiled,

each pronunciation of each word was identified by dicLionary source and also by class

of dialect when applicable.* For words missing from one or more of the dictionaries.

the missing phonetic transcriptions were generated by algorithm and marked with an

indicator so they could be readily identified as special cases.

*SOX and JON represent speech patterns in Great Britain; sometimes variant British
pronunciations are given in JON. The other three dictionaries represent speech pat-
terns in the United States. ACD represents the midwestern speech pattern, with
occasional variant pronunciations given. KK presents separately the pronunciation
of words in eastern, southern, and midwestern "dialects." MW3 presents speech in
regions considered by KK and also in regions of New York City (e.g., Brooklyn and
Bronx).

**Instead of transcribing the phonetics from the dictionaries, a highly accurate algo-
rithm (better than 93 percent accurate) was devised for automatically generating the
phonetic form for each dictionary from the graphic form. The generated forms were
then checked against the dictionaries, and errors were corrected. Corrected words
were marked with a D indicator. The phonetic representations of words missing from
a given dictionary could not be directly checked, however, and were marked with (1)
an N indicator if the algorithm had functioned correctly in deriving the SOX phonctics
of that word or (2) an M indicator if the algor'thm had given incorrect results on this
dictionary, in which case the probable error had been corrected. Thus, the M indi-
cator is almost equivalent to an N + D marker. The algorithms for generating
phonetic transcriptions are described in two not-yet published manuscripts. "Acoustic
Phonetic Transcription of Written English," by B. V. Bhimani and J. L. Dolby, and
"The Operational Relation Between the Phonetic Forms of Elementary Words," by
B. V. Bhimani and R. P. Mitchell.
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T'.w .-stalsticvs the homon:.'i cornipilation in each of the five dictionaries are

. .', ;• ',;,idc 6-1 an(, grapihically in Fig. 6-.1. (Note the 10 to 1 change in scale in

. 6(-i •.twcen sets of ' and sets of .. ) Figure 6 -2 is a sample page from one of

ii.,. )ollio• flV printouts. The first. three colutinis give tile gral)hic form split into

(',.);1nt and vowel stLingis; the n(,xt thre(e (()lUiUs give tle, code for the phdneti•

rcpreCsnltation; the seventh column indicates the, set of algorithmic rules by which

the phonetic rCl)resentation was (%,I rived, 2nd the final column indicates the source

of the phonetic ,alha ues(.d. A lblank lin, s,)ar'ates the homonym sets.

Table 6-1

NUMBER OF' HOMONYM SETS IN FIVE DICTIONARIES

Dictionary MW3 KK ACD JON SOX

No. 2 Word Sets 1889 1402 717 727 661

No. 3 Word Sets 380 268 133 142 117

No. 4 Word Sets 99 55 33 31 27

No. 5 Word Sets 18 11 4 8 3

N-. G WordSets 9 5 2 0 0

No. 7 Word Sets 1 1 0 0 0

No. 8 Word Sets 1 0 1 1 0

No. 9 Word Sets 0 1 0 0 0

No. 10 Word Sets 1 0 0 0 0

Surprisingly, both the number of sets and number of total words involved in

honio)ym sets differ considerably from (lict,,)nary to dictionary, and a word which

may lie in a homonym set according to the phonetic representation in one dictionary

may not have a homonym according to another dictionary. Accordingly, a homonym

comparison table of the 5, 757 words considered was prepared by a computer program,

showin'- in which dictionaries each word occurs in a homonym set. and how many and

\Vnich p)honctic representations were involved. Table 6-2 surnmarizes the phonetic

S
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1300

1200-

1100-

1000- 100-

~900- 90

800- 80-

~700t 70-

~600- 60-

0 500- 50--

~400- 40

300- [301

200- 201

SJAXW SJAKW SJAXW SJAXW S.1AKW SJ ANVW 3I AW SJAXW SJAXW
2 3 4 5 6 7 8 9 10

NUMBER OF GRAPI'ii ' -"'INS I IONY 11110 )NTIIC[I1N

Fig. 6-1 G;riaphi IP-esentat~ion of Numbe~r of l Itnloinym Sets II Fin1vu 1 )cti.'n ,j
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Table 6-2

PIIONE'FiC REPIIESENTATION CODES

Code Interpretation Dictionary

JON 1 1st pronumciation JON

JON 2 2nd pronunciation JON

ACD 1 1st pronunciation ACD

ACD 2 2nd pronunciaLion ACD

101SK Md(lwcstcrn pronunciation KK

102SK First Variant pronunciation KI

103SK East and South pronunciation KK

104SK East pronunciation KK

105SK Second Variant pronunciation KK

106SK Third Variant pronunciation KK

107SK Fourth Variant pronunciation KK

101SW Midwestern pronunciatii'l MW3

102SW First Variant pronunciation MW3

103SW Boston It Dropper pronunciation MW3

104SW Brooklyn 1 Dropper pronunciation MW3

105SW L Dropper pronunciation MW3

106SW Second Variant pronunciation MW3

107SW Third Variant pronunciation MW13

1.08SW Fourth Variant pronunciation MW3

109SW Fifth Varnant pro)nunciation MW3

20XSW Consonant variant pronunciation
on the o0x u'onunciation of MW3

20XKK Consonant variant pronunciation
on the lox pirontnciation of KK

LOCKHEED MISSILES & SPACE COMPANY
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codes used. Note that dictionaries do not all give the same number of phonetic varia-

tions, nor arc their ohonctic clas~cs always the same. 'a.OX usually gives only one

pronunciation, and therefore Lheo'e are no SOX entries in Table 6-2. Figure 6-3, a

sample page fiorm the homonym comparison table, indicates, for example, that the

word fonr is involved in a homonym set only according to the MMI3 pronunciation. Yet

the word fort is involved in six MW3 homonym sets, four KK sets, one .'ON set, one

ACD set, and no SOX set. (In general, SOX has the fewest homonyms, indicating

perhaps that the SOX pherictic transcription system is finer.)

Tlvh total number of words in the homonym comparison table is 2,966, showing

that 2,966 of 5, 757 words are in a homonym set according tr' at least one dictionary.

Thus, over 50 percent of the elementary words are ambiguous in their SI)oker form.

The homonym comparison table points up two significant findings, the apparent dis-

parity among dictionaries and the large percentage of elementary words distinguished

in the graphic but not the spoken form (as recorded by the dictionaries).

Before exploring the possible reason, for the disparity in homonym sets according

to the dictionary trom which derived, some possibilities can be eliminated. First,

sincc all these dictionaries were published at approximately the same time, and since

it is ,enerally recognized that their contents are periodically uix.atcd, historic vowel

ch.inges are not expected to cause discrepancies. Also, vowels which are consistently

pronounce(d one way according to one (licationary and znother way (but always the same

other way) aecording to a second dictionary, will a(fect the homonym compilation very

little. For example, break and lrmtke are homoniyms whether the vowel is given a

l11 itish pr'onunciatijv as indicated by "l) r e i k" in JON or an American pronunciation

6-7
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F I NN 101Sw 1015Kc JONI AC~l sox

19_ I_ i10Sw 1035Ks JtONI Acol sox

102sw 1015K

F RTH 1015w 103SK JONI ACril sox

1015K

F I Sc 1ln1!;w ___ lfSK JONI ACDl sox

F I SK 1O1NW 1015K JONI ACD2, sox

F I T 201sw i015K JONI ACDI sox

F I ?t jo015w10S

F IE iolSw 1015K JoNI AL'D1 SOX

F IE L 101NW lOINK JONI ACDI sox

_ _ _ _ _ __ . __ __ J.O Noi __ ________-_--- - -..- --

F. 0 '4 1015w IINK JONI ACOI sox

F 0 H4N loXmw OIiNK ACD1

F. 0 N Ifl1sw

F 0 N'E 10INW mInNK JnNi ACol sox

F 0 A 102DW IMlflK JONI ACD2
101DW 1,03OK JON?
103DW JONI

F RD _I' 3 5W __- - - __ __ ___

~ ~ flijsw 1035K AC.SO
104SW ln2SK

F 0 RT 1fl'SW 1015K JONI ACt)1
2 035 ~ 03 S K ___.-

1035w 1l2SK
2fl4Sd 1045,K

102SW

r W) TE _j0LiW _____ 010K __JN --..

102i:

1031W . . ýs

102sw sp

* ( -s~~ ~i I'L~L ~ I 'i'ii )"llYlli COMuP-,isoii TabileJ~
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"as ,•,ilca. 1y "I) r e h" in KK. The list below gives the phonetic "iymbols for this

sound from each of the five dictionaries and the corresponding code used for machine

purposes. (JON and KK use the International Phonetic Alphabet.)

sox brcik BI E1419 K

JON br e ik 1It E IK

ACD br al'h BJ1 A 4K

KK b r e k B R E K

MW3 Ir ak BRA I K

Thus, consistent changes frý.m dialoct to dialect will not cause significant discrepancies

in homonyms.

What then will cause discreparcies from dictionary to dictionary? When several

dialects are considered together in the compilation o. homonyms, as in KK and MW3,

extra homonym sets or larger sets cn be produced across the dialects. For instance,

two words whic- are not homonyms in either the southern or eastern dialects may

become homonyms when the southern pronunciation of one is compared with the eastern

pronunciation of the other. By removing the dialect pronunciations from the homonym

sets, two objectives are met:

* The ambig,,'ity-producing effects of dialects are shown.

* llomonym disparities between ACD and KK or MW3 which result from the

inclusion of dialects are removed.

In removing dialects, some difficulty is encountered in identifying true dialectal pro-

nunciaLions. The 103SK, IG4SK, 20XSK (where X is any number), I03SW, 104SW,

10•8W, 30XSW, and 20XSW pronunciations (Table 6-2) were considered to be true

dialects by the dictionaries in which presented and were, therefore, removed by com-

puter program from the homonym sets. The homonym comparison program was run

6-9
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again on the homonyms after the removal of the dialectal pronunciations to produce

another homonym comparison table of the same form as shown in Fig. 6-3. The results

show the expected reduction in the number of sets containing a given word and in the

number of words that appear in homonym sets, but these reductions are not as large

as was expected.

To show the relationships among the five dictionaries from the point of view of the

involvement of the words in homonym sets, some statistics of homonym membership

were compiled and are given in Table 6-3. Since the statistics were compiled from

the homonym comparison tables,which were compiled before and after the removal of

the dialects, the effect of the dialect removal is shown. Note that with the dialects

removed the number of elementary words which are in homonym sets is reduced only

about 5 percent, from 52 to about 47 percent. Note also that the relationships among

the various sets named in Table 6-3 not change signilicantly. In particular, the ratio

between the words forming a homonym in all dictionaries and the words forming a

homonym in any dictionary changes only from 0. 5074 to 0. 5467 when dialects are

removed. Thus, the dialects are not the main reason for the large number of homonyms,

nor are they the major cause of discrepancies ameng the dictionaries.

It is also revealing to consider the actual occurrence of ambiguity introduced by

the dialects, and because they are not numerous we have prepared tables which give

them all. In Table 6-4, Part A shows all new sets introduced by the dialect pronuncia-

tions of KK; Part B shows all words or sets added to nondialectal homonym sets by a

dialect pronunciatio)n of KK. The starred items were not removed by the program but

seemed to the authors to be dialect forms and were removed later. Table 6-5 shows

all the dialectal pronunciations removed from MW3, but here we have divided them

into nine significant categories.

6-10
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Table 6-3

STATISTICAL SUMMARY O(.' WORDS INVOLVED IN IIOMONYM sI.;TS,
SIHlOWING ELFFI'CT OF DIAI,ECT REMOVAI,

Set Description No. of Words in Set

With Dialects Without Dialects

Total Set:
Words forming a homonyrr. 2966 2714
in at least one dictionary

Words forming a homonym 74( 535
in one dictionary

Words forming a homonym 236 214
in two dictionaries

Words forming a homonym 189 184
in three dictionaries

Words forming a homonym 290 297
in four dictionaries

Words forming a homonym 1505 1,484
in all dictionaries

Words forming a homonym in SOX 1754 1754

Words forming a homonym in ACD 1937 1937

Words forming a homonym in JON 2039 2039

Words formiiog a homonym in MW3 2600 2297

Words forming a homonym in KK 2140 2096

6-11
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Table 6-4

WORDS INVOLVED IN HOMONYM SETS IN KK
BECAUSE OF DIALECTAi, P'RONUNCIATIONS

Ilorlt A

I ), ,'I i' •ln:lry

S1,1Z Z MUiZ I l NK
MUS 2-Il NIk

D)AZE DEZ i"I sK
DASE '-,i INK

GRiAE'I'11 II ol IJi

NAI S NE'Z 2 INK

CkIEi1 AIKlI* 1~' I I:2(IR I, ,'SI,
CIAI*E IA X E

REAR 1 E2 (R 105SK
ZAI E 104 SIK

MY MI2 103 o'r 10ISK
o r

MAC MI 105 or 10ISK

BROOSE IUlZ 2o2NK
BRUISE 1021)K

CIlESE T$11Z 2o1NK
CHEESE 11INK

CR,)ZE KROZ H) tI \K

CIME( )SE IC t IN K

SIi()ltE $oE2(Il 104 . r 103SK
SURE 105 mr 102SK

1.AIUSIF 1101Z 201 NK
!1AWSE 10INI<

IBROOi(SE BRUIZ 2ol NK
B•IISE 10o 1)K
C()l"I'll KUI P1 1WINK

CO)()TI 201 M K

J EI.:I t I)Z : I I.:2(I l 105SK
• (;1 1 I)Z I E I,; V2(it I058K
J E ERl Z I I' 1E1lj It o 5S K

6H- I. A

LOCKH-EED MiSSiLES & SPAtCE COMPANY

S.. . .R''e1, •



1'Table 6-4 (Cont.)

D)ictionary
Graphic lPhonetic Codc

,,'EA.IAt l,'E I I t2(I 105.K
FEERl F'l, 1 2(I(R 105SK

,FLIEAR F, E,I. I E:2 (11 10o5SK

FLEER FIE 1 I.E2(R 105SK

iliI'. 1 I.:2(R 107 SK
11 EFIE I INEI i'1:2(It 107SK
IlIElIt. IF 1.11E, I { E",0108SK

E Alt EI, E2(R 105SK
lI,.ER lI I E,I. I E,-, (it 105151`

'IE, Alt TI' I E' 2 0( I106SK
*TE'E I.tl T EI E,2(It I105SK

'IER TE 1: E2( It 105,K

*WEIR WI,: IlE2(R 105SK
WERE WE! 1,.2 (R 105SK

JR, T 1()I T RA3 P I 105S1K

'r•)UGIH 106 DK

*BUM BAGM 101SK
BOMB 102SK

Part B

NEEZE NIIZ 101NK

*WERE WA I E2(R 107SK

*OUR A2U(R 105SK

*EAR E iiE2(11 105SK
OBIF1 BE I iE,, (R 105SK

BEER BIE2( 1 105SK

BBLEAR B LE I E2(R 105SK

,DEER 1)1.: 11.'2(1t 105SK
DE AR DF I E'2(It 1.05SK

"*KIER KEIEF2(it !05SK

*ME ME I E2( 105SK
* P Ei E I E2.(I( 1058K

6-13
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Dictionary

Graphic P'honetic CodeC

*SPE1'AR s I E~ I E' 2 (it ! 5SK
SP1L1ERE IS i'': I E' 2(1 105SK

* CuIE i* ;a''i1 ~2R05SK

*AD'2 N IOGSK

*WE~AR W I F'(It 10(SK

* POOR IPoI'2(Ia 105SK

* PRYSE. PRIZAW 20ISK

*BLOUSE 13 LAU Z 20ISK

*CILoUGII K LA2 F 10.31)K

*D)ON D)AN' 103SK

*WTWA:;T 1035K

*SIIARE $1.1111-11-10 103SK

CEESE 1 E,2(11 1045SK

*ERRI E3(11 103SK

*YAIR JE1 E'2(1 104NK

6- 44
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0

'I'aole 6-5

WORDS INVOLVE' TN HOMONYM SETS IN MW3 BECAUSE
OF DIA JCTAL PRONUNCIATIONS

Set A

PUT DRIOWTE SATE SNOT WIT C IEAT LIT oU(TE
PUT) DRAD SADE SNO)I WE1) C1,EAI) LII) QUoI)

N EWT C I,OUT SIATE. TROT CIrl [T IIASE MITT "roT!E,.
NUDE CLOUD SLADE I'PIOD CIIAI) EIESE MOD) TOAI)

FAT CROUT TRAIT BET GLIUT PEAT WRIT BRt()l 1,iIT
FAD CROWD) TRADE BED BLO0) PL.EAD ROD I3ROA0

GAT LOUT BRAT BIUTTE I IIUT SPETE SKIT BRAUGIIT
GAD) L1OUD BROD BUT) HIUD SIPEED SKID BRAUD

IIAT B LATEI DOT FETiT (1 1 TW E EIT F!RGIIT SQUA'i"
JAI) B LADE DOD FF'I) CRU ) TWiEED FRIED SQUAD

CAT I)ATE CLOT GETI MUTT WI'EET KRAIT SIHAT
CAD DADE CLOD GED MUD WEED CRIED SWAD

GNAT DASE POT KET SHUT WHIT PIGIIT WATT
NAD DAZE POD KED SHOULD Willl) PIED WAD

PAT SOOT PLOT PI.'T SC'UT BIlT SNITE FI' ;T'E
PAD SUD PLOD PED SCUD BRIID SNIDE FOOl)

1)LAT CADE SOT STE'T STUT GRIT TIGclT HO()T
PLAID CATE SOD STEAD STUD GROD TIDE 11001)

RAT PATE SKOT TI! REAT B LEAT KIT TRITE MOOT
RAD PAIl) SKOD THREAD BLEED KID TRIED MOOD

WAT RATE SQUAT TRET CIIESE QUIT CROSE FOOT
WAS RAID SQUAD TREAI) CIIIEESF QUID CIROZE FOOD
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Table 6-5 (Conit.)

Set 13

SI IRAG CARVE. SuIPINE MON
SWAG CALVE SW:.NE MUM

CIlE'R' C LART S1IIUVE MONT
CHAT C tAUT SWIVEL M E NT

IIAULSE MARL SA)URIIC E PUIRSE
HOUSE MALL PSOAS PUS

IIAULT PARSE FAU LT SI lONU
IIOUT P'ASS I'OUGIIT1 SI1UN

GO LF SCARP~ GAU LT THIS
GOFF SCAUl P GIIAUT 'I'lius

ARSE ~ SMAICM SU. i E AL1
ASS SM AL14 SHI1RRAl iI I

BARGII SP~AR Si'h*ARE );
BAFF SPA SIPIE'RE DITi

BARM TIAR SAVLE, LA

BALM TA1 SERVE LAW

BARSE iR*:ARSE~ IGh h)RAUG11T

1BASS .1LUSS I I E' I DRO~U-I'h

BAwrhii Sill Fl INi TII E E
BIATIH SO FRIOM ~ TH'IY

CH IAR S E E it DU'ih)

D)ART siIIUIFT GUN K
IXTSWIFT" GON K IN

GAN SHIIILL Ii I U F PETUII
GA:W 611I1l. HAVE REACH

HARK SWINK HAS ILE

JAHl
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Table G-5 (Cont.)

Set. 1B

AT WVAD)E CUT 1)DID CODE

BAT KOD N( )01 t1A) D iI) !A)TI'E

BIRAT GOD IU 1) G lE1) NODE

)IRAD QUAT RIUT KIT "10'I1)

I,A) NO.D SIP ,)T C1I SIR)A'F

MAD) ROD1) E8I.:1 BI)E i(OxOTr

SCAD SWAD EI E 1) BIIIDE BII;OU)

1II)USE" TOD (; IE -'I (;lU I)E LIUI)

FAD)E WAD GI(; E 1) IiifD H'AiRD

GA1)E BAWD N i..'AT SIDE CARtD

GR1AD)E I1ET IEIT SICE SAil)

HIADE SAIL) CEASE SI.IDE BIDE

LATE II)E SWEDE WIDE BRIDE

MATE BUD IT OAT GUIDE

SPAIE FUD BID k1cDI.D 1ilDE

Set I)

I)ALT IIARtE \%R OCAID *MOIRE

All ilAJIM ,110111) * "I10W

BARK CARiF AY All *IIAU i1M *YOUR

GUAD MARl SOY IIORSE

LOCKMEE0 MISSILES & SPACE COMPAN%
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Table 6-5 (Cont.)

Set E Set II

AIT WRITE SWATH
EiGIh T RIGI'T SWATHE
EYGIIT

GOAT FART
AUGIiT GOTE FAD
GUTTE

MODE SPOUT
GOT MOD SPALD
GIIAIT

BOUGHT SWEAT
GP PTT BOTT SItiJED
BRET

ROOD GIRT
DEBT RUDE GIRD
PETTE

Set F CURT
LET CURD
LEI'%T BAR

BARA WOPT
GUT WORD
GUTTE PAR

PARR GIRT
BEAT BIRD
BEET EARN

URN CURT
IIEAT CURD
HIETE Set G

CEAT
LEET CHAD SURD
LEAT

DOWD TIT
METE TEAT
MEET BIRT
MEAT SORT

HERD SWORD
CETE
SEAT FORD Set I

NIGHT CORT GIIAU T
KNIGI1T GALT

WARD
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Set A. New homonym sets in wvhich a pronunciation of type 20X is inv'ovecd. These

reflect confusion between T and D or S and Z sounds, which may not be

strictly a dialectal phenomenon.

Set B. New homonym sets in which a pronunciation of the type 29X is not involved.

Set *. Wo"(Ids in which a pronunciation of the type 20X adds one to the number of

homonyms in a noudialectal homonym set.

Set D. Same as C, except a non-20X dialectal pronunciation is rcsponsbile for an

extra member of a homonym set. (Starred items were added by hand as in

Table 6-4.)

Set E. New homonym sets caused by a pronunciation of the type 20X, where each

of these sets has the same pronunciation as a nondialectal homonym set,

Thus, these words add more than one member to a nondialectal set.

&t F. Same as E, except a non-20X dialectal pronunciation is responsible for

the extra members to homonym sets.

Set G. Words in which a dialectal pronunciation causes confusion with words

already in sets B or D. Thus, a dialectal pronunciation of chert causes

the homonym set chert, chat. A dialectai pronunciation of chad adds to

the set, making it chert, chat, chad.

Set 11. New homonym sets in which two dialectal, variations combine to form. a

homonym group.

Set I. New homonym sets in which two dialectal variations combine to for m a

homonym gToup, where each of these groups has the same pronunciation

as a nondialectal homonym set.

To summarize our results, it has been shown, using phonetic representations

from five dictionaries, that approximately half of the elementary words of English are
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ambiguous according to at least one dictionary, and that this figure is not significantly

changed by removal of predefined dialectal pronunciations. The words whose dialectal

pronunciations have affected the homonym sets have beun listed. Discrepancies in

homonym data among the five dictionaries have been made apparent. It has been

indicated that neither historic vowel changes nor consistent vowel changes can be

considered to be a major cause of these discrepancies. Also, it has been shown that

the dictionary-defined dialectal vowel variations account for only a small proportion

of these discrepancics.
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7. ACOUSTIC PHONETIC TRANSCRIPTION OF WIUTTEN ENGLISII*

B. V. Bhimani and J. L. Dolby

INTRODUCTION

The current spelling of an English word is the symbolization of a traditionally

preserved form of its pronunciation, even though it may seem to be an imperfect

rel)rc-mntation. We shall investigate the accuracy of this representation by a detailed

examination of all of the one-syllablc words given in the Shorter Oxford Dictionary.

In particular, we shall show that it is possible to construct a computable algorithm

that provides the correct phonetic representation (according to the source dictionary)

for 93 percent of these words, given only the written form of the word.

The essential feature of this algorithm is that it makes use of what we shall here

call the "marking system of written English." In somc writing systems explicit

markers are used to indicate vowel duration and stress. Sanskrit, for instance, uses

a phonetic alphabet and numerals for indication of vowel duration along with markers

for stress. Thus the English word ALMS would be represented as 1-], •

In French, diacritic markers are used for similar effects (e. g., II(PITAL).

In English, however, the orthography is limited to die 26 letters of the alphabet

and the marking system is more subtle. One well-known feature of ihe English marking

system is the use of the final E (represented here as •) as a marker operating on the

preceding vowel string. Proper use of the markers is necessary in written English

for phonetic transcription of its words.

The initial restriction of this study to the one-syllable words of Englibh was made

to enable us to study the marker system for precise transc ription of vowel articulation

* This work was supported by the Lockheed Independent Research Program.
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and duration and to resolve certain consonantal ambiguities without analyzing the

added complications introduced by the stress-marking system ,:•ccssary for polysyl-

labic words. The stress-marker system of written English is intimatoly connected

with the systems for carrying important grammatical signals. 2 ',3 As has been noted
4

elsewhere, the one-syllable words (except for the small but important set of itructure

words) are generally grammatically homogeneous.

TIlE SCHEMATIC STRUCTURE OF TIHE ALGORITHM

The algorithm considered here has been programmed on a digital computer. This

device uses a limited number of symbols. As a result, it was necessary to replace

the phonetic coding system of the Shorter Oxford Dictionary (SOX) with a set of alpha-

numeric codes acceptable to the machine. These codes are given in Fig. 7-1. It will

be noted that the transformation from the dictionary codes to the machine codes is one-

for-onc so that no essential information is lost by this step in the procedure. Moreover,

the alphanumeric codes were chosen to ensure that all possible codes given by the

dictionary would be representable. Only 38 of the 150 codes actually occurred in the

one-syl lable words.

The algorithm itself is shown in schematic form in Fig. 7-2. The first step con-

sists of a simple classification of the written symbols into the system of graphemic

vowels, consonants, and markers given in Fit. 7-2. In this system, a final IV is

classed as a marker, all other occurrences of E together with all occurrences of A, I,

U, U, and Y are classed as (graphemic) vowels. All remaining characters are classed

as (graphemic) consonants.

SteP two consists of an analysis in context to resolve consonantal ambiguities such

as those which occur with the graphemic C and G. In the third step, the letter strings
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I Code Markings

Symbol Symbol No - Inv. Super _ -

Marking Period Letter '
5 7- -4 -5 -

a A 4 5 6 7 8 9 64 65 74

Al 4 5 6 7 8 9 64 65 74

a A2 4 5 6 7 8 9 64 65 74

A3 4 5 6 7 8 9 64 65 74

e E 4 5 6 7 8 9 64 65 74

e El 4 5 6 7 8 9 64 65 74

9 E2 4 5 6 7 8 9 64 65, 74

a E3

I 4 5 6 7 8 9 64 65 74

Ii 4 5 6 7 8 9 64 65 74

O O 4 5 6 7 8 9 64 65 74

o 01 4 5 6 7 8 9 64 65 74

§ 016,

u U 4 5 6 7 8 9 64 65 74

a U1 4 ,5 6 7 8 9 64 65 74

Break /

+. . . . ... . .

Inv. Per .

a. Cooing of Vowel Sounds and Pertinent Markings for Pronunciations
of English Words

Fig. 7-1 Alphanumeric Coding for the Phonetics of the Shorter Oxford Dictionary
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g G ft n8

ii I Iy LY9

r it ny NY9

a RI N' X

s S b B

w W d D

hw 11W f F

y Y k K

p P1 'I L

SD 1 m M

f $ n N

tf 'rs p p

z Zi t T

dz DZ1 v V

SN I z Z

119 N IG

b. Coding for Conso,.ant Sounds

Fig. 7-1 Alphanumeric Coding for the Phonetics of the Shorter Oxford Dictionary
(Cont.)
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KERNEL WORD

Marker

Consonant String + Vowel String + Consonant btring + Marker (E)

Rules of Euphonic Combination

Consonant + Vowel Consonant Vowel Vowel + Consonant
String Marker Mker + String Marker String

Intrprtatonof Vowel Markers
andCosonntMarkers

Phonetics
as in

Shorter
Oxford

Dictionary

Fig. 7-2 Algorithm in Schematic Form
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are processed through the rules of euphonic combination, reported previously,5r to

change the letter strings into consonant strings, vowel strinis, and markers. Step

four consists of the necessary rules to resolve the vowel ambiguities, which are the

main portion of the problem. In stvp five the vowel markers are used to transform

the graphic symbols into the phonetic symbols as given by SOX.

An illustration of the operation of the program is given in Fig. 7-3 for the word

NICE. Figure 7-4 illustrates th, processing of the word SMUDGE. A typical page of

computer output for the phonetics of SOX is given in Fig. 7-5. The first column is

the orthographic form of the word, the second column is the compiled phonetic repre-

sentation, and the third column specifies the rule used for the resolution of the vowel

ambiguities. The resulting phonetic codes were checked individually against the source

dictionary and correction cards (identifiable by thie English words following the asterisk)

and were added to the output deck where errors appeared (see, for instance, I3LAFV in

Fig. 7-5).

A total of 407 errors were detected in the 5,757 one-syllable words given in the

source dictionary. Some of these errors were a result of errors in the syllable

counting routine used to obtain the one-syllab-ie words from a magnetic Lape listing of

SOX. The word BLASE is the one example of this sort shown in Fig. 7-5. Many of

the remaining errors (such as BLAE) occurred in obscure words and words of limited

current interest. To obtain a quick check on the expected accuracy of the program on

words of greater usage, a random sample of 50 words was chosen from the subset of

the one-syllable words having a standard meaning in both the source dictionary and
7

Webster's Third International l)ictionary. Only one error was found in this sample

(the vowel of CRASS was ,ncorrectly equated to the vowel of BRASS).

In tile remainder of the paper we discuss tihe derivation of the rules necessary to

resolve the various ambiguities of written English.

7-6

LOCKHEED MISSILES & SPACE COMPANY
'4

-. -- -, - _ _qn,,dOlB



NICE/KERNEL WORD

[akcr

N/Consonant I 1/Vowel + C/Consonant 4 Marker L

II
Interpretation of Consonant il.,-,arkers

N/Consonant + I/Vowel . S/Consonant -i Marker E

R of Eup onic Cobin ation

N/Consonant + I/Vowel + Marker E + S/Consonant

Intrprtation of VwlMarkers

Phouetics
aa in

Shorter
Oxford

Dictionary

NE215

Fig. 7-3 Operation of the Program for the Word NICE
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SMUDGI/KERNEL WORD

II

SM/Consonant String - U/Vo%%,c I)DG /Coniionanti String+ Marker E~

SM/Consonant String + U/Vowel -tVowel Mairker 1) *Marker E D lIZ/Conisoiiart

Inerretationj of Vowe iijtsL

-is iul

Fig. 7 -4 PI'otI~. " ii th urd Wont1)~
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ORTHOGRAPHIC PHONPIrc OFERATING

FORK RENERING RULES

A BLACK IaLA1,K 9S / .53 , A * *

I4LAn "LAIDI oc / 53 , A a .

RLAUF~ ILFi4IQD) ob /.38 A * .

ALAF nLF1419 as/ .44 *A * 0

RLAE ALF14 oVOsEt. ERRORS

RLAIN PLF.1419N as / .2 eAt a.a

RLAXF OLF1419K as / .16 A 0 .*
QLAMF PLE1419M a$ / .36 A 0 *. *

BLANC" glLA1N% as / S53 A # 0. *
BLANC04 ALA2NS 9SINGULAAIYIES
ALANnl PLA1INI .5 .*53 A 9 .*

PLANK PLAINIK .5 / 53 *A * 0.

BLARE PLF4F?9R1 .5 .5 *A 0 0.a

ALAS ALA1c,0Ri as .53 A a * . #

BLASE AtIFi419SONZ as/ .36 1 A * a.

BLASE PL&?.ZFI OPOLYSVLLA:;IC
BLAST RILASly as / .33 .A # a. *
SLATE ALý1419T .5 / .38 & A *. &

@LAY RLF141 9  as / .4 AV LY a. a

BLAYA ALE¶419K aS / .4 ,A'f a a.

BLAZE PLE1419Z as / .38 *A * 0.

BLEACm A0LI4TS -5 / .46 ,FA a *

hIkg Lfl49 OS / .46 E A 0 0

BLkAP M'L ;;29011 as 1 .36 kbA 0*
RLEAT AL1141 aS / .46 F A * s

RLU LFH as / .15 E * *. *

RLECI( WLE 05 X as/ 5 k a . #

8LEF PLI14 as / .2 *F #~ *.0

BLEED PL1140 *5 / .2 *FE * .*.

RLFNCH ALFN% es / .15 k 0 .0*

RLP LFNfl .5 / .IS F # a.
9LFhi'k PLFI~n aS / .15 *F a 0.

R.O PLFP44&K .6 / .217 *F a 0

@LENT PLFNT .s / .15 F a .

ALFER rJ*4F29mI as i .8 E a *.

RLES ALES 95 / .13 *E a a.

ALES? ALFST .5 't .15 E a 0.

4LFT ALF7 as / .15 *F 0 0.

RPIC ALK s / .14 *1 a *. *

ALGWT ALF2IT aS/ .4 1 0 *. *

@LIN OLIN as .14 1 * 0. 0

ALINP. RL2f *j .* 1 0 *. a

ALINK4 PLINI.I '5 .14 t f * . *

UHIW WL2441T as .2 1 * 0.
PLI'.S AlLtS aS1 .14 *1 a

BLI'P* 1L?'. .3 * 1E ,

OLF21DI as .3 14?k a *.
*~A Lft14Q9T aS .7 06 0£ *,.

46RLfM1AL% as .$a 0 * a. *

BUNC 4'0164 aS1 .0? 0 0 0.&

@Lilt OLOI4Ij9H .5 .01 *0 a . a

L0% L 041 ANf a5 1 .02 *0 a 0. 0

RL00 Lfl OL / .~ s 1 *00 a .*

ILOOW *LU140 as 1 *A a si ** a
AU.T,44L14010 4 01 .5 1 .6 00 0 0.

600 6 4F2941 *$ 1 .64 0 * .

PLO T  *ý 0% & .5a I .0'r 4-S*
41OYC14 PLAIA?' 6 .0? 0 * 0. 0
ILD.TE 40~1401' . .61 *0 6 a. a

Ei. ''Tyl-kcal Computer Output for PhOnciacs of the Shorter Oxford Dictionary
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THE CONSONANT STRING MAPPING 9

As noted in Reference 4, it is always possible to represent the graphemic form

of a one-syllable word in the form CVC where C represents a string of consonants

and V represents a string of vowels. The only conventions necessary to accomplish

this are the conventions whereby the final ] is treated as a marker and words beginning

or ending with a vowel are augmented with the "blank consonant" •. The blank con-

sonant is also u.-ed In the phonetic form of the word. The relation between the

graphemic and phonetic forms of the word can then be studied as a composite of the

three mappings that carry .-i initial consonant string, the vowel string, and the final

consonant string from the graphemic form to the phonetic form. For in3tance, if we

consider the word STRAIGHT we obtain the foilowing triple mapping:

Graphemic Phonetic

Initial Consonant String STR STR

Vowel String AI E 1419

Final Consonant String GHT (GH)/MARKERT

The complexity of this mapping then becomes the central issue. The writing sys-

tem of English might be considered purely phonetic if one could find that every written

form with the initial corsonant string STH would also have STR as its initial phonetic

consonant string. An even more stringent requirement for an "ideal" writing system

would require that each symbol (rather than each string) map into a unique phonetic

symbol. It would also be convenient if this map were invertible. That is, if graphemic

STR and only STR mapped into phonetic STR. However, numerous examples exist to

show that this is not the case (e. g., graphemic F and graphemic PH both into phonetic

F). However desirable this might be from the viewpoint of the linguist, it is clear that
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it is not in keeping with the written English form. IHowever, the use of the subtle

marking system accomplishes these objectives, as discussed next.

When we assign a specific phonetic value for a specific graphic symbol, only two

consonants lead to ambiguous situations; namely the graphic consonants C and G.

The former maps into either phonetic K or phonetic S, and the latter maps into either

phonetic G, or DZ_1. There is, however, a subtle consonant ml rking system that

readily resolves this ambiguity with a very high degree of accuracy, and it is tabulated

next.

Graphic Phonetic

If C is followed by A, 0, U C K

Otherwise, C S

If G is followed by E G DZI

Otherwise G G

Such mappings of graphic to phonetic values for the initial strings produce the

correct phonetic form in all but 58 of the one-syllable words of SOX. The 58 errors

include those words with "uncommon" consonant stringo, the words where the C or G

rule fails, and those words where such specific mapping fails on the consonant strings.

The most notable case of the latter set is the graphic string TH which maps into P1

or Dl and the only simple algorithm suggested works for about 90 percent of the cases,

and it is to map initial TH into P1.

The mapping for the terminal consonant strings is similar to that for the initial

strings; however, it becomes necessary to trcat separately the large number of strings

that are !ndicatod as being difficult to pronounce by the ruleet of euphonic combination.

For this reason, the terminal consonant strings are first mapped lnW corresponding

phonetic consonant strings In a mauner similar to that described for th3 initial strings.
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The resulting phonetic strings are processed by rules of euphonic combination5 and

separated into pronouncable consonant strings and consonants that act as vowel markers

to be used in the mapping of the vowel strings. Such a processing provides accurate

mapping of all but 1.55 words in the set of one-syllable words studied, and it identifies

the vowel marking consonants to be discussed under vowel string mapping.

THE VOWEL STRING SlAPPING

Table 7-1 shows the possible phonetic vowel strings for each of the 19 graphic

vowel strings, after uncommon strings have been removed. The only graphic strings

that provide a specific phonetic n-ap are:

Graphic Phonetic

AI E 1419

EY E1419

OI 01

OY 01

For most other cases, it becomes necessary to use the vowel marking consonants

identified i. tCie processing of the terminal consonant strings; one of the important

exceptions being the initial consonant W which influences pronunciation of the following

vowel as evident in the pronunciations of the words AS and WAS.

Since a detailed listing of all the necessary maps to resolve ambiguity in the ohulr

cases would be of iimited ibacrest, we will here controt ourselves with a few examplce

to show how tho vowel marker system operates in the simpler cases. The strings EE

and OA, for instance, illustrate the importaunce of a following lt as a marker. In ibth

cases the potential ambiguity Is resolved by the presence or absence of a following It.
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Table 7-1

GRAPHIC TO PHONETIC MAPPINGS OF VOWEL STRINGS

Graphic
String Phonetic Strings

A A, Al, A.2, A4, E1419, E4F,29, 0164, OG, 064

Al E 1419

AU A2, 064

AY AI, E1419

E E, E1419, E24, E4E29, IU14, 114, U14

EA E, E1419., E24, E4E29, 114, 14E29

EE 114, 14E29

EI E141, E1419, E21., E4E29, 114

EY E1419

I E21, E21E29, E24, I1 I14

IE E21, E E21E2, 114, 14E29

O A2, A2U, A3, A34, 0, 01, 014U9, 016, 0164, 04, 04E29, 06, U14

OA 014U9, 04E29

OA 0I

00 U, t_.4, U4E29

ou A2U, A\2UE20, AL3, O14U), 016, 04E29, 064, U_, UI, U14, U4E29

OY 01

u A3, A34, Lu,14. 1U4J29, K-_4 14, U_ ,

Y E21, E2IE29, I

131
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Graphic Phonetic

If EE is followed by 1R EE M4E29

Otherwise EE 114

If OA is followed by R OA 04E29

Otherwise OA 014U9

i Tn such cases R induces the so-called visarga vowel, as has been noted in Reference 8.

ThusR can act as a "silent" consonant used only for the purposes of marking vowels

just as does the final E, the DG form, the Gil of the GIT form, and so forth.

To get a more complete picture of the vowel marking system, consider the graphic

vowel E.

If E is followed by RE E E4E29

Otherwise if E is followed by R1 E E24

If E is followed by W_ and preceded

by L or 1R E U14

Otherwise if E is followed by W E IU14

Otherwise if E is followed by a

single consonant which is, in

turn, followed by E E 114

Otherwise E E

This rule provides the correct results for 0l1 but seven of the words in this set. Note

that thi final E applies only when there is but. single consonant procuding it, and that

the W marker is modified both by a following blank consonant and a pivcoding Lor it.

In uossnce, the markers must be uied in conjunction with one another by way of a set

of precedence relations, and this may in part be responsible for the general fooling

that English ortiography does not present a nice means of representing phonetic values.

7-14

LOCKHEED MISSILES & PACIE COMPANY



overall, the mapping of specific graphic strings Into corresponding specific

phonetic strings with the necessary use of vowel markers provides the correct result

in all but 151 of the one-syllable words of SOX. Thus the total mapping of the con-

sonant strings and vowel strings provides the correct phonetic value in all but 3G3 of

the 5, 757 one-syllable words when compared to the phonetic valuecs given by SOX.

SUMMARY

When one considers the mappings from~ the orthographic forms of the elementary

words into their corresponding phonetic forms, as in the Shorter Oxford Dictionary,

it becomes apparent that the consonant mappings seem straightforward, but that proper

procebssing of these strings by the rules of euphonic combination identifies the pro-

nouncable consonants and the consonants that function as vowcl markers. By such

identification of the vowel markers, it is possible to obtain a highly accurate mapping

of the graphic vowel strings into their corresponding phonetic values with complexity

that does not exceed the mapping of any specific graphic sLring into a corresponding

specific phonetic string. Whe~n such a mapping is constructed, some 93 percent of the

elementary words are interpreted correctly. The residue consists primarily of obscure

forms, important structure words that have a unique spoling~ (relative to their pro-

nunciation) such as the word AllY, and a sot of ambiguous forms that can only be rosolvtnl

by examining the ourrounding cortext of the word in r. given usage, such as the words

BOW anid HOUSE.

Withi this nAU~lySig we see thnt (at loast for Lthe elementary wor'4u) the English

orthography is a highly developed phonetic system that provides information about the

pivcise pronunciation of the consonants and voweals and the duration of te "o**ls and

certain consonants. Other work indicates that Whe necessary stress information is also
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available in the graphic forms. No other published phonotic system in use at present

can claim to accomplish this without the use of a very large population of phonetic

symbols in addition to the necessary incorporation of diacritic markers for indication

of duration and stress.
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8, COMPUTER STUDY OF TAANSCRiBED ENGLISH PHONETICS:
A PROGRESS REPORT

R. P. Mitchell

This report is intended to be a brief summary of an important phase of the

computer-oriented research within the field of English phonetics which is now in

progress at the LMSC Information Sciences Laboratory. The Laboratory research

effort in English phonetics is not restricted to the work reported here; it also includes

studi's of the techniques of generalized speech spectrum analyzers and the instru-

mented palawc. Nevertheless, the work reported here is basic and indispensable to

the total plannea, program in English phonetics at the Laboratory.

This report is not a detailed "work paper." iather, it is a summary of background

and progress; its purpose is to indicate the nature of the research effort in sufficient

detail that its significance can be uvaluated. Detailed research results have been

reported elsewhere, and are contained in the papers listed ii the references.

Of prime importance to an i.dcquate understanding of this resoarch is the role of

machine procossing. of data. Unlike many applications of data-processing tochniques

in linguistics the role of the computer here is not primarily the role of "accountant."

To be sure. we ore handling a fairly Inrgo group o. -larn, anl thoso data ate growing

larger in both volume and complexity. se that acvownting servicea of some sophistica-

tion are• "ys now ; but tho part which the computer is askad to play is not ||mitud

.0 this role.

The computer is used primarily to compute. Its into are n'tt, ri cwue, Coo-

vwmtomal numeri data s t-y would be, for oampi. fo an ort•it trajo-tr)y cwt~*-

tion. In this &fatpi"4It. the. computer inpti arv Hollrith rharact.-w. atw remaia

alphamvrics thmughi the prot, hing cvyie. Far the hic b aw-#emrtion pmgrams.
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the Inputs are elements of a subset of Englitih words in conventional spelling form and

the outputs are phonetic transcriptions of the inputs As the research project now

stands, what takes place within each proceusing Ccyle Is the computation of the En~glish

word's pronunciation according to a given recognized authority; this computation is

efficient, accurate, and requires no external -Input other than- the conventional form of

the English word. The processing cycle'is not a trivial one of matching inputs with

elements in a large memory-core; it is a nontrivial cycle involving a computation of

the phonetic transcriptions of tAo input-word using all the relevant iaformation contained

In the graphemic structure off the word.

In addition to the basic data-generation programs, as much of the analysis of the
phonetic data as is possible is carried out by various formatting and counting progi'ans.

Theso programs fai largely within the category of "accounting scrvices." They arc

ossential, though unspectacular, scrviccs which the computer Is asked to perform.

At this writing, the subset of English words from which basic phonotic daut hWs Ween

generated Is the set of elementary words as defined by WI~by and ltcsnikoff, I whicht is

a set of some 5700 words. The pronunciulions of each of these words, has bVEca detear-

mined fo~r each of five authoritaive sources. so that our actual set of t~ata ctwuiist* of

~iome 50. 000 ontrte*. This We a a U cable file to maina in .- nd ORi as it now Mawwl*. but

our isamodlawe plan. are to euwnov our results to the sct of wt~rtb which contwil OWi

qnd rmly one phonetic vowal arvorha to owe transcritp~ons to "w Sortvr Osdortl

Ditin This would increawe the toput-worth *at to abouat *. 00 a#tlw.it

CarjV*Poodin niluimm Of go. 000 PhOWXI Cticeifta. To fe7* pi JJVs fileofapmr

dafA of this size. withWA vkrava~aM uw of cvMputer timv, "_ires v~trvme~y afl%.

cknt and ,vlih4W* dtita-processing kvimiqua.

In this respim t. tha itsenrch oa n Prrammit tuchaw. rartried wit c-ISewher

mnth Infarmation ~Sciwxs Lahrawot) has be" amost helpful in thi* prrujoti. Two W. 4
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the basic data-generation programs were originally coded in CHARM, developed by

Lois Earl of this Laboratory for the purpose of processing liniulstic damt. CIIARM

is easy to learn, easy to use, and efficient for files of medium size. Many of our

programs were coded in MPLI, a multilrpuse lan.uage ceveloped by Roger Stark,

also of this Laboratory. MPLI, which uses the XPOP compUl.r, generates extremely

efficient codings for processing file" of all sizc,. For our formatting and analysis

programs, MPLI was found to be a most helpful tool.

The basic source of data input for this project is the word-list generated by Dolby

and t1csnikoff;2 the "At of elementary words, defined by the same authors in Reference 1,

was chosen as a basic set with which to investigate relationships between orthographic

and phonetic ropresentatlions of English words. The choice was governed partly by the

fact that this set is easily defined in terms of orthographic structure, and partly alsoi

by the fact that it is a suflfiiendy large set of lexed items ; I which to begin the

study. B. V. Bhimani, Iniormation Sciences Laboratory consultant and the principcd

investigator for phonetics resonrch at the Laborutory. initiated this investigation autu

has carried it through to its preocnt form.

The act of elementary words corrt xmods approximately to the set of all lexed

itoms of the form (cowmornnt string)(vowVil string)(coaiona•nt string). !n this t•finitioun,

tho wot of gruphic %vowel containm tho et.:m .r a .i. p. mi, and x. final 0, tie-nt.wd

y thO tymmol t , an olemaMt ol tho *tv of nonvowei. or c.nsonsauAt and Vi-thcr or

bah of the nsonAzt irgn wr mry IV empty. hut the rV"Wl atring 1* non-luity. For

•1•'Q$m,•.A in tit pqmer we use parvJsd*v* to mark ulU orthJoraphic aamots-

Tht-. -)•. l •-a , W ,(a stin a-V a;. •r %nrauphic lt•emot. Noteg tht, I i-ts

oi dillor e bvt*vca Uh ClemtI'q. (Ks.) 4kadwq s4)(1t ; n t"- forther. wo~ea to

imlivale vm i)hrfion of WA Atria% a an lowti'r Woan~at, whilea iv Ow latk-r



we intend to consider the contingent concatenation of the graphic elements (x) , (y) ,

and (z) . The sot of graphic vowels is denoted by V and the set of graphic nonvowcls

is designated by C.

In this notation, the set (X) , where X is either C or V, Is the set of all

elements (x) , (x(w)) , ((x)w) , (xw) , (x(w(z))) , (x((w)z)) , ... , where x , w , and z

are elements of either C or of V, but not both. The work of Dolby and Resnikoff on

the graphemic structure of English words is basically the study of written English in

terms of sequences o.F the form (C)(V)(C)(V)(C)... (C) . In other words, a lexed item,

except for convenience of reference, is never considered as a dittinct unit of the form

(CVCVC... C) .

Approximately, thzn, the study of elementary worus is the study of strings of the

form (C)(V)(C) , with the study restricted first to those lexed items in the Shorter

Oxford Dictionary which can be represented as an element of the set (C)(V)(C) , and

second to certain statistical restraints which eliminate obscure worls and unusual

consonantal combiratlons. There was, however, a third restraint operating in this

investigation - viz., the general purim)se ol the investigators in attempting to discover

rc.ýationslupr# between the orthographic si.ructurv ofi words anti their ixossible grar

z;,ticalproperties. To obtain as nearly grammatically homoge-iucous partitionings of

the set (C)(V)(C) as possible, the authors were led to criteria which eliminate a small

WAL important act of loxe4 items strictly clemeonts of (C)(V)(C) . On the whole, how-

everL, the set of clumentary words as defined by Poiby and Rusaikoff is rlpresentative

Of 1-, g.ash (C)(V)(C) words,

The quesuion of whether therm exist eompuVAc rulatiuns betwen the graphic

rupresoenation uf English words and thvir sots of pronunciations is a topic of cunsidural e

imtrinsic and economic interest. It is not niocessary hero to elaborate on the imssislxc

inmprtwnt implications of an affirmative answer to this question. To begin to make
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the question a sensible scientific problem and further a meaningful computational

problem, there must exist phonetic data in some reasonably tractaole form. A major

part of linguistic science has always been concerned with various aspects of the problem

of representing phonetic data. We thus have the various phonetic alphabets, phoneme

studies, the notion of "distinctive features," and so on, as attempts to give a certain

structure to an apparently otherwise unstructured mass of data. As nearly as we can

determine, and without questioning the scicnti4ic merit, of these efforts, the kinds of

structure which they induce upon the data arc not computationally practicable, even

when they happen to be computable ii, principle. It seems reasonable to assume that

if the question is meaningful at all, it is meanin~gful at some lower level of structure

among the several which have appe:i•f, -l ..- the literature. Such a level is exemplified

by the pronunciations of words as recorded 5ind transcribed for various dialects of

English by different atithorities. Clearly, there is no ',proper" operational definition

of a pronunciation: of a word, and just as clearly there exist certain limits within which

communication by ncars of oral articulation of tlh word is signifie•. There is an

automatic interplay within the communiration process of the various aspects of speech

prot!uctlon, perception. recognition, and reprosent.Ation, to name but a few of the

larger aspects of the process. There do exist transcriptions of speech which attempt

to represent the pattern of speech as perceived by the tranhcriber and communicate

the perceived pattern to others (within f'te limits of the phonetic alphabet usid). Thebe

transcrtpLions have inherent limitations, and arc clearly not intended to be rupodtuc-

tioiis oi speech in the same sense that tape recordings and wawv forms are physical

reprusentations of the speech patterns they reproduce.

The value of transcribed phonetics to the question we are considering lies in t;%c

fact th~at thu transcriptions constitute "intermediate data" within this question. Not all

of the physically signiflecuvt features of speech production are roprmeentod in the
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transcription, but enough of the phonetically significant features of the specch pattorn

a.-C present in quality transcAptions to make the pattern meaningful as data. Our

first task, therefore, was to discover whether there exist relations betwcon the graphic

structure of loxed iteMs and the phonetic transcriptions of those items as transcribed

1y recognized authorities. If the answer should be negative in aLy practical sense,

then the problem of relating phonetic and graphic structures must rely for its solution

upon analysis of sonm lower level of phonetic data. On the other hand, if the answer

should be affirmative, funi if tic relations turn out to be practicably computable as

well, then the probiems of analysis and synthesis are simplileid and a valuable inter-

mediate structure is m-ade available.

An authoritative source of phonetic tvanscriptions of la-ccd items lay in the various

pihonctic dictionaries and the conventional dictionaries. Dihimani, using work completcd

before joining the Lockheed consulting staff, wais able to constr~'ct xi algorithm rclating

the orthographic utructure of elenientary words to their corresponding phonetic tra'.-

scriptions in the Shorter Oxford Dicnt ionywith 93 perc -n'.t accuracy. This result wats

rejportcd in llefrrence 3. The term "9;3. pereent accuracy" means that, on the average,

the agPritnm will fail to yehli the ShOrter OxIord phonetic transcription for 7 words

out of IMO. This result was slUicicieil.ty cncour'ginjl thzit he turned his attention to the

probleni of counst ctucn oJailar ijoaritlumnv for other authoritiuive transcriptions.

Using the rcbults for te ShPortcrt Oxord algovij'iE, he obtaind algorithms for the

phonetic transe,1iptonr cf tiE so : u."wort' ac.&h.a-Ai;." . hi:o oihthr authorities, repre-

senlti•ag individually a4-1W vollettively several sets of dialectal variants of spoken English.

"The succcas of this work tiix miuid tloio a prt-)lxr wkArrsanwltig -i the rules of

Cu11i4ri coVnutiaAA 0r Engiish und the ;na,.wir in which couventional a,mllinj: uilieite

graphiv symbols to iAndicate vowe: duin-tion #and slr..s. A well-known exampic of th.0
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"marking system" is the • marker. In the word "scrape," for example, the algorithm

first splits the word into its graphic CVC form, then looks for markers which (if

present) yield a modified pronunciation of the word. Thus "scrape" is split into

(scr)(a)(pO) , 0 is rccognized as a marker in this context with no othK cs present, and

the resultant transcription is processed. It is of interest that, to obtain these accurate

results via the marking system, the general orthographic domain is not the set

(C)OV)(C) as it was for purely orthogrtaphic studies. The general orthographic domain

for obLainiiIg a proper phonetic image is the union of the sets (C)(V(C)) tand ((C)V)(C)

a much larger set. This certainly does not imply, however, that the set of phonetic

images is equivalent to the set of allophones. This is because, first, not every indi-

vidual combination of graphic vowel and graphic consonant needs to be interpreted

precisely anrl, second, not all combinations of phonetic vowel and phonetic consonant

need to be interpreted precisely when a mapping is effected from one phonetic source

to anotnter.

Upon completion of these algorithms and their implementation to obtain calculated

phonetic transcriptions, the results were checked entry by entry siainst each source,

errors were notcd and corrected, and the entire vorrvcted outpe' pla•ced on a singae

file of magnetic tape. The next step was to reformat the data in such a manner that

-ill pronrciations of each word could bW displayed at once. This was accumplisheti il

a sitiglc MIPLI program which required only 5 in' ites of 7094 computer time. A

gcti'•i tit the output of this program is shown in Fig. 8-I.

W.. could now evaluate the calculator trn-sacriptions "across thy ,oartt" by com-

piranlg each of the tive sets of aronunciatioit obtained for each wvrd against the other

four. It had lrentdy bevn obvious that ourh of the five sources possessed its own

interpru.tation of the marking system [or the larnzg. How doUthsu inturprutations
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differ and what are the effects of these differences? Arc the differences so groat that

it is impossible to construct an algorithm which calculates all of the given transcriptions

at once for each word? These and other related questions concerning the value and

consistency of the phonetic data arc currently in the process of being answered. In

order to provide material for statistical analysis, and also to provide users of the

diotionary a key to the status of each phonetic entry with resp•.ct to the algorithm, a

code was inscrted which describes the extent to which any given entry agrees with the

algorithm ,or that word (Fig. 6-2). This phase of the work has been completed and

prelininary results were reporLed in Rteferences 4 and 5. A brief summary of these

results follows.

Suppose that the observed differcnccs among the authorities studied aie caused by

"sound change" for the dialects recorded. This hyix)thesis could be tested with our

data by determining what transcription patterns in four of the sources corresplnd to a

given pattern in any single z.vurce. The results clearly indicate the following facts:

(a) Any algorithm which could bk c:onstructed to relate the phonetic tvanscriptions of

one authority to those of any of the other four, would require mere rules and a more

complex logic than the algorithm which protluces the transcription from tOw orthographic

form of the word, (b) The data show that rl "s of the type which simply suthstitutc

phonetic . wels for graphic vowels atd phontutv consonants for graphic corw.tints arv

ipvss oversimplification* and leol to er'oncouNo data. rhv idata further show th.,t &-Wes

of the type which oulwtitut phonetic vowojs in one rWurct:. for phwiwtic vowoib in

ancmthcr. awl' phnctic consonants in snu aourv'v for phOntl•eflw nosants in anothur.

arv impt-0eds rul0l•s to ogctft a Mr44)inf I t-nu o,-ov source to anothcr. t0) The data

ih•dicat¢ a l~iviwtae dcp adcrw~y o1 yrwel ' i uj_ m xurruidting vensonant values.

Note that thUce results wtv obtaimil for t. r•.t.d da.a. ai[not jpust the daLa-gvncrator

outputs. This result ton&a to confirr the t'viitun'weof fluictionial rmluatonshipfs bvtwte•m
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vowel and consonant values which the mnarking system for Engli..', orthograp~hy

predicts.

Certainly, a legitimate question which can be, and ought to be, raised is how

accurate and consistent are the transcriptions themselves in each of Lho five soures•

we have considered. Obviously, we cannot check the accuracy of each transcription

with respect to what was perceived when the transcriptions were made and the dic-

tionaries compih.&W, but we can expect to distill a gross picture of some o. the perception

and compilation problems which the authorities individually enicountored lbr thi set of

word&. hlaving available the corrected dictionary, we sorted each source selprately

on the phonetic 'Iihlds in terminal rhyme order and examined the result: There exist,

in each of the five sources studied, uncxpictedly large sets of orthographically distinct

words which have the same phonetic transcription.

Two orthographically distinct words with the same transcription are said to be

"hosnonymb," and the set of all such words for a given transcribed pronunciation is

called the "homonym set" for that transcription. Our preliminary results show that

even removal of "extreme" variants in pronunciation as well as rocogniz.l dialct

variants ini each of the sources, does not significantly affect the high incidence (aver-

aging over 40 percout) of homonyms in• this set of data. Quite apart from their numibr,

nio great agreemwrt was found amtung tho live authorities regarding the sets of hom-

onyms. Evidunl~y. many lactoru arc at work to preduci,, this re#Ult; problemi of 141.ech

ptodu-tion And porceptson, pnsiblv •-ostraints in transcription techniques, and other
factors vater into this phaeamenon. Ncvertheless, though the eatt of homotoym nfs

was surprising to us, the existene of hosnonym4 is pretictable in term# of the ortho-

grapnic markiing .s-Astum.

At thais iuint of our study, we poslu'sed three dstinct seta of relatiorn: (a) The

sci of rell-ionw, between the orihographic forms and the phonetic tranAscriptions Wi each
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of five sources; (b) the sot of relations between the various phonetic forms for each of

the recorded dialects; and (c) the sot of relations for the generation of transcriptions

in the other four auLborities from the Shorter Oxford phonetics. Further, each of

j those sots is a sot of computable relations. It turns out that the segments of phonetic

forms in each of those sets of relations are identical. It will be recalled from earlier

discussion that these relations -are not vowel-for-vowel UWnd eonsonant-for-conso~int

relations, but of the form typified by the orthographic domain: ((C)V) anl (V(C)) .

The fact that the segments are identical for the three sets of relations means that they

are independent of the properties of any iwrticular transcription. These segments

provide the necessary and sufficient cowditions, withtut having to resolve homonyms,

for the definition of the minimum segn,,ent oi" speech perception. In view of this result,

the problem of resolving homonyms Lakes on a IWw imxl-rLance. Obviously other infor-

mation than that which has bWen used is required to resolve, or minimize, sets of.

homonyms. Our current efforts arc in the direction of determining whether gram-

wnatical properties of the words are helpful. it is already apparent, however, LhL,t

simply listing awn comparing possible parts of speceh for homonyms is not going to Ibe

ver-y h•l, -,l. Larger context t.uan the word in isolation may bW required for effective

rusolutiore. ' homonyms.

1.s ireporta-t to tunderivtiand thAt the oxistenc• of valculab|v tpecch segne nts

w'hich provide rnri•miun sogments of ••,•ch pervception ww been damonstrte.,d entirtly

without rg•feiLww# to theories of evepttqc • ant" linguistic analysis t Ma highter levul
than the rules in" euphonic combination. mid analyiis of phonctic data publishetl tn

; Thvr• appears to he em omviltbiir ionl thu minds of linguist* who ha-vu

s.v,ý these _,vault* anti insist that we are studying graphemic-phonemir relatiowshilm

aod .,%at our rvs.u. k1 uii twi lavina- Wen~ obt Aie earlier). This is 'simynt

trw'. First. our level of analysis is omc.- iowcvr h -,t Iv•i tA abwractinr, on which
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phonemic analysis proceeds. We have no need for phonemic analysis, and it is

mcaninrcss to discuss phonemes at the level of our data. Second, our results are

obtained from completely self-contained algorithms. So far as we have been able to

determine, no other operational procedure In this field obtains so much from so little.

We have shown that the results obtained by our methods do not depend upon any ixxr-

ticular transcription, and furthermore the transcriptions we have used are renvily

available in any libeary; it Is not impossible to reproduce our data and our results.

In any event, this is demonstrably not pxossileo for procedures based upon plhmemic

theories. Third, we have seen no comparable resulth anywhere else.
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